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part I : MATHEMATICS 1940-1950 

Editob: a. C. Banerjee, M.Sc., ^t.A.. F.R.A.S., F.N.I. 

ALGEBRA 

■ R ’!*■*' ■ contributed a number of papers to the 

theory of balanced incomplete block designs. R. Vaidvanathswami has written 

a paper on partially ordered sets (lO-W). V. K. Bala Chandram (1948, 1949) has 

studied ideals of the distribution lattice and prime ideals and the theory of last 

iesidue_ classes. D.P. Banerji (1947) has written a note on the self inverse module 

!lso^’ ^ ’ I “ "" of Hadamard matrices and 

^so on tlm variance factors of weighing designs in-between two Hadamard 

matrices. Y Bhalotra and S. Chowla’s work deals with some theorems concernintr 
quintics insoluble by radicals (1042). ccrnini, 

K. N. Bhattacharva (1940)^ has discovered a new solution in svmmctrical 
alanccd incomplete block designs. He has also written a note on two-fold triple 
sys em (1943). S. Chakravarti (1941. 1944. 1947) has studied algebraical identities 
and rccurrcnts m a number of papers. K. Chandrasekhar, in (1944) has discussed 
partially ordered sets and symbolic logic. A. C. Chaiidbiiry (1948) bas studied 
rpiasi giotips and non-associative systems. S. Chowla (194.7) has furthered the 

M ri T'’nn'.v''".o<r/ 'f'-'"'"'’ incomplete block -designs. Tbe work of 
. N. Ghosh (1944 194, j) relates to a new reduction theorem of matrices and 
Hermitian matrix, Hansraj Gupta (1940) has studied a problem in combinations. 

Harish Chandra (194,7, 1947, 19,700) has discussed the Algebra of Dirac matrices 
the Algebra of meson matrices, and the radical of a Lie algebra. He has also 

aleebra and the Tannaka duality theorem (19,70h). Q. M Hussain 
194, )fl, h; 1946: 1948(j, h) has devoted a number of papers to the theory of 

(1047fl, 10481 prepared tables of monomial symmetrical functions of various 

weights. Kerawala (1946) has also written a note on symmetrical incomplete block 
designs. In other papers he has considered self conjugate latin squares of nrh^e 
degree (1947; 1948). Kerawala (1947.. M has also' Lrked on^ the aslmmic 
number of three dcep-latin rectangles. V. S. Krishnan (194,5, 1947 1948 1970) has 

Sis'lrllmti” laldee (^9^1) 

a note on homoli^7"" evaluated certain determinants and written 

I eubic equation. A. A. Krishnaswami Ayvangar (194,3) has 

developed a general theory of tactical configuration. K. Kishen (1947) h.Vs worked 
on fractional replication of the general symmetrical factori.al designs (1947). 

I.„rn!i''7 written a treatise on Modern Algebra. He has contri- 

iitcd two papers on the theory of pairs of inverse modulus He has a7 st^l e 1 

of'pSrr ,hc‘ ib,'.'';',"! ■ I " ® “ s,,o b» . „,„„i j 

balanced incomplete block f\L\a^ ' t <^o>isidcrcd non-isomorpbic solutions of 
P gns and a certain class of arrangements. (1047/>, 1040) 
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ncomplctc block designs. R Sircar 

C. N. Srini- 
•mmcr’s identity in 

-1 polynomial functions o? zc^ri.f '^^Wuo^.'i'ur'xrV"" n" 
taltles of symmetric functions for 


(HIM!) has cvrittcn'a papeu- on a cemin s emt '’r* 
vasaengc-r (Hf.T, in c,',ll’, I, oration “nl tl h ,s coZk^^rK'*"'"'' 
comhinaiorial fnnaions. T. Vijava RaLdnai^ w ? ^ ^ ^ Kemtm 
cal nnlvnnmi.l f . r _ ^ ‘ has written a note 
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Lm. 'sv!" 34 /\M:iy" i-x-ontplete l.lock tlesigns. /lull. Calcutta 

(19424). note „n the resolval.ilily of balanced incon.plete .losiKns. Saul, In/,;. 6, IDS- 


110 . 


■ — M0d7i n,. ^ I • • . 


249256.^ ■ " " balanced inrnm|.lcle block (IcRiKn.«=. S’ank/ii/a, g, 

^o™xL,al'M!6T9.6».'‘"'’ incomplete block desi„ns. .I,,,,. 

Chakra v arlb S (1.94i). On a few re, nrrents. /. Sac. (N.S.), S. 18-26. 

12 ^ • o f'Ttl'Pr aliiebraic identities. g. 115-119. 

4-.1 1 Nome identities and lecurrenls fhtil. || 89 94 

fhandr.asekharnn. K. (1944). Partially ordered' sets and symbolic loRic. Math. Shul., |2. 

Chaiidimry.^A. Quasi-groups and non-assoclalive systems I. /tiilf. Cahuita vmth. 

Chowla, 2 ' Comliinatorinl problems. Cnnnd. J. Mnth.. 2, 93-99. 

liowla, «. (1945). A oontribiinon to the theory of constmelior. of balanced incomplete block 
designs. I‘rnr. Jxihore phi!, Sor., 7. 3. * 

frliosh, (19^)- A note on Tlermitian matrix'. Hulf. ('nhuttn mnih. Snr.. 36, 87 90 

- (iya5}. On a new reduction theorem of matrices, /hid.. 37. 33-36. 

Ouptn, Hansraj (1940). A problem in combinations. .}/nfh. Stud., g. 131-132. 

Ilanshchandra (19^). Algebra of the Dirac matrices, /‘rnr. Indian Acad. Sci., 22A. 30-41. 
tftc''’ algebra of nicson-matricos. l^ror. Camh. phil. Snc., 43. 414-421. 

^r‘- of ^ f-i® algebra. I*rnr. Amer. math. Sac., I. 14-17. 

^ — (1950ft). Lie algebra and the Tannnka dnalify theorem. .-Dm ^/ath., Prinrrtnn, 

2, 51, 209-230. 

Hussain. Q. M. (1945o). Symnietricnl incomplete block desiens /tidt. Ca/rutta math. Soe., 

3, 115-123. 

(1945ft). On the totality of the solut Ions for the symmetrical incomplete block 

designs. Sanlhtj/i, 7. 204 208. 

0946). Impossibility of symmetrical incomplete block designs, /hid., 7 , 317-322. 

(1948o), Structure of some incomplete block designs, /hid., g. 381-383. 

fl948ft). Altorn-ativc proof of the impossibility of the symmetrical design, /hid., 

g. 384 , 

Kar, S. C. (1948). Ziir .\nalysc dor Dorent^.groupe in nlgebraiachcr DaTstellung. f/uJI. Cahutta 
math. Sor.. 40, 163-172. 

Kerawala. S. M. (1946). Note on symmetrical incomplete block design.s. /hid.. 38. 190-192. 

(1947o). The asymptotic number of 3 deep-latin rectangles, /hid., 39 , 71.72. 

D947ft), Asymptotic solution of the problem des manages. Ihid., 39, 82-84. 

(1947c). A note on self-conjugate latin squares of prime degree, hfath. Stud., 15, 

— (1948). A note on self-conjugate latin squares of prime degree. Ihid., 16 , 
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K6riiWcila, S. M. and llanafi A R nQdl/r^ f • i 

weight 9. Proc. not. Acaci. mL. A J 1 symmetric functions of 

'“nrtions’of weight 10. Ihid., A, 11, 56-63 

'v-Kht 12 .n 'tennT of power 

The valuation of eerlain determinants ,1/at/,. ,S 7 ,„/ 10 76 79 

Kishen K |?9471 /*'</.. 16 . 20-24. •• 7 79. 

Cu^r 'l 6 138 139 " oi the general syn.met rival factorial designs. 

Krishnaswam.^Ayyangar. A. A. ,1943,. A general theory of tactical configurations. /. ,,/ysarc 

""'■‘“'‘""I!/,™ icin^i'., Ar,g: 17^9^' "" "■ <'-'-•'-•‘'0 lattice. Pror. 

r 3 ill‘^Al- 22 ^'iT 9 .’“‘'^' '■“"‘“'"“'■I'l'itt-n and congruences for partially ordered sets. 

' MQdfll' Partially ordered sets. J. Imlian n.ath. Sor (\ S 1 II 49 fift 

- (194o). Extensions of nartiallv ordered s..ic tt r* 4 4 - ^^ 00 . 

nQV\n\ T’ rax 4 !■ ‘*‘*y oiueica sets 11 , Constructions, /hid. \2 89-106 

liooua . C extension d mu* »r. \ ^ ,r/ai>*.x a > . . . • 


- T> rxxi • V 11 L,onsiructions. /hd. 12 89-106 

'ar',« “jI, W7%"r" “ """ >7.’dead.'°tci., 


230, 1447-1448. 

'“tvi, F. VVh^l'gW)^ uS" oV'.Mr 'v' NSinKha'Mulihi’l P'’’ 1“21561. 

ments. J. Indian math. .W,, 4 , 45-46 ^ • i hi s paper on a prohlem of arrange- 

.V°': I, 'I'niv. of ' Calcutta. 

1 wSl't “ ^ '"“'7'. 3'ar , 35. 1-6 

.177 lisa' ' "■ “ »*<»"■ ''.ehi; Pull. A,„en. ,„nll,. Soc., S3. 


1177-1182. 

26, «>‘^n»^ntary particles. I>roc. Indian Arad. Sci., A, 

J. Mi/j’^Tumv.^/ifi, ^ polynomial equation. 

-- Thiruvenkatachar. V Tt onn „ 


xair, tTirSi"-'- " 
incomplcde block design^'" gs'r parameters of 

“f configurations, null. 

des?gms^°':Sa„X"’"7,‘30"5-3"l2. '‘"" '''““"'.hie solution, of balanced incomplete block 

7 , 3i3-3W.''"^*''"" ™ "“■'■'“'"“'Plttc solutions of incomplete block designs. 
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— - (i94“,^r^ Sal exrcTnr.^ 'riv"h‘!;"f‘r:;:;"7„“f 

f) Statijit. Soc., 9 , 128-139 onbinalorial arrangements of arrays, 

liadhakrishna, Rao C ( 1 Qd 7 /i\ 

J. Arntr. Statist'., Asm., 42 , Ml-^l analysis for incomplete block designs. 

ShrikhandJ.'t^.^lQM'l'^Vt^ridv i''”'- '2' »■ ‘19125- 

designs. Ann. math. StatUt! 21 106411 balanced incomplete block 
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Thiruvenkalachar, V. U (1947) On Kemmpr' i n' ^‘'‘''*^^*^'’haliengar K., ar,d 
15, 93-100. • ^ m combinatory functions. Math 

V?i'aXtn:"'T''' ffi- 12. 1 - 6 . 

ya'A. .5(1/9., 10, 113-114. 7"™“ P“lj"oniial functions of zeros, of polynomials. 

P“''P“«. Proc. not 


analysis 
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• JiciSH I ) fl!ac It con ucnt iiypcrgcoinctric functions n<U() ^a^^\ 


(l+V-amlc- \VM7a i h/h-.r-Vr*"'"'*'''" ot' log(l + ;c), 

v; ,rr '~f £T^“;;;;rE“: 
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Bidliographv 
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1 1 r\A 1 L . . * 
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,r IN.SI, «. OAKW. 
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Z >'«lcgrals. Hror. Camh. uhxl. Soc 37 9-13 ^ i‘*0 100. 
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interesting result in the logarithmic expansion. Ibid., |5, (5), A, 12. 
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[jajagopal, C T. (1946). On the remainder in Taylor's (hoorem. Math. Stud. fJ 71-73 
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Sengupta, H, M. (1948). On continuous independent functions. Quart. J. Math., 9, No. 75, 
12d‘132« * 
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ASTRONOMY 


S. Cluuulrasckhar wlio is settled in .'Vnierica, has to l)is credit an admirable 
contribution to the science of Astronomy and Astrophysics, lie has expounded 
the fundamental principles of stellar dynamics in a series of papers which have been 
collected in book lorm. faking account of dynamical Iriction he has propounded 
a theory on the rate of escape ot stars from clusters. He has made a detaileu investi- 
gation into the statistics ot the gravitational field arising Irom a random distribu- 
tion of stars and the correlaion in the forces acting at two points separated by a 

written a series of important papers on tiie Radiative 
Lquilibrium of a stellar atmosphere. b ; l'J43a, o, c ; 1944r;, b, c, d e' 

IWoa, b\ 194(5^/, b). He has also written a paper on lirownian motion, dynaniical 
friction and stellar dynamics (1949). 

A. C. Banerji has made a deep study of the adiabatic radial oscillations of a 
cephcid variable and having proved the instability ot such oscillations, he has 
developed a new theory about tne origin of the solar system (1942a). He delivered 
extension lectures on Galactic Dynamics in which he made critical and schloastic 
study of the recent advances (1942f/). D. S. Kothari has written a paper on the 
source of energy m a white dwarf star (194UJ. Along with F. C. Auluck he has 
investigated the minimum radius for degenerate stellar masses (1947). N. R. Sen 
has studied the constitution of stellar models some ot them based on Betlie’s Law 
of energy generation (1942^/, b). He has written a paper on the inversion of density 
gradient and convection in stellar bodies (1941). He has also written a note on 
pressure relations within fluid spheres in equilibrium (1944). In collaboration with 
U. R. Burman he has investigated into the internal constitution of stars of small 
masses according to Bethe’s law of energy generation (194j). 

• integrated the stcllar.equations for Bethe's law of energy genera- 

tion (1J42J. fn another paper he lias studied the fitting of an adiahatic core to 
a radiative envelope in stellar models (194a). He has studied the problem of the 
Helium conmnt ot the stars of large masses (1947). He has also investigated the 
question of fitting of convective cores of dilferent compositions to a given envelope 
solution of the stellar equations (1949). P. L. Bhatnagar has contributed a number 
ot papers on the theory of Anharmonic pulsations and radial oscillations of a 
cepheid variable (1945a, b ; 1940a, b, c). Sunil Kumar Koy has studied polytropic 
gaseous stars rotating with variable angular velocity (1942 ; 1943 ; 1944^)! He has 
also investigated the Anharmonic pulsations of the cephcid variables (1944(i), 

H. K. Sen has made a detailed study of the adiabatic radial oscillations of gas 
spheres under various laws of density variation (1942a, b, c, d, e ; 1943a, h c). He 

radiative equilibrium of a spherical planetary 
bulac (1J49). Braj Bast Lai has studied the problem of the formation of the 
arms of the spiral nebula m resisting medium under various laws (1943a bed) 
n another paper he has discussed the theory of a spiral nebula (1942). N. L Ghosh 

948 'l9«1 n ‘’"‘’l r t?, ' f h'"' niattcr in rotation (4947. 

1J48 1949 . Chandrika Prasad has written a number of papers on the theory of 

radial osc, lat.ons and anharmonic oscillations of stellar models based on different 
Ma huriifsohJ , i f stability of 

Lr e of snW •''nd '’■'•s shown that 

the senes of spheroids becomes unstable at the first point of bifurcation and 

hoTnrl^‘"n'‘' J^^'idopadhyaya has studied slow 

homogeneous contraction of stars (1948). i ; ; 
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THEORY OF ELASl ICITY 

l.vncT^P K-c s"’ p';'’"'! " ‘■f .‘nalysing strain and stress in 

\icr.pacc S. Chosh has devoted a number of papers to the 

investigations „ plane strain and plane stress in aelotropic plates (1942, 1943, 

I.M4 . He lias found a nc» fnnction l,v tlicorctical method of solving the torsion 

problem for some hoiintharics and has discussed the torsion and flexure of beams 

uhose cross-sections are hounded l)v specified contours (1947, 1948<7 D N 

^QIQ/ T Vr^'i' problem for certain specified boundaries (1948.’ 

1. 4.)/ c). He has also forked out the torsion and flexure of an isotropic clastic 
cylinder whose cross-section is a semi-cardioid (1949fl). 

Ribliiuibbusan Sen has written a paper on tlie stresses in an infinite strip due 
to an isolated couple acting; at a point inside it (1942). In another paper he has 
iiuesn^Mtecl the problem of stre'^ses due to forces and couples attintr in tlic interior 
of an infinite elastic slab placed on a rij^nd f(>undarion (I94.T;). He has examined 
critically the uni<jueness theorem for problems of thin plates bent by normal 
pressures {\<.mh). He has studied houndarv value problems of circular discs under 
body forces (1944c/}. He has devoted a number of [tapers to the investigation of 
stresses m elastic discs of a variety of shapes (191, V/. h, c \ 194()c;. h : 1947; 1948. 

A. M. Senj^upta has written two papers on the problem of stresses in aclo- 
tropic circular discs of varying thickness rotating about a central axis ( 1949 / 7 , /;}. 
lie h.is uriiict) ;i note on ;i case of forced torsional oscillation of a circular cylinder 
(1949c). II. M, Sengupta has contributed a number of papers on the bending of 
an elastic plate under certain distributions of load. (1948/;. h: 1949). H. R. Seth 
bas \yitten a monograpli on two dimensional potential problems connected wiili 
rectilinear l)nundaries (19.19), He lias studied tlie bending plates with various tvpcs 
of boundaries (HMa ; 1917c/; 1918; 1949). He lias also investigated transverse 
vibrations of rectilinear plates and stability of rectilinear plates (i947//, b). I. D. 
Seth lias written a paper on the reflection and refraction of attenuated waves in 
semi-infinite clastic solid media (1941). 
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t'OURlER SERIES AND INTEGRALS 

S* ^lin<TkshisuncJnr<ini \ • i 

of papers to the tlieory of tlie Founc-r expansion Tn 1^7 conmbuted a series 
terms of eigeii-functioiis I, ■ lyn IPtf • tliffercntiatcd 

■ nvestigated the sut.tmah l.tv (A) m'td P' ’ L- M>sra has 

ttnd the successively tler.ved^cnc; f ‘p , '.7 ^ Fourier scries 

C, ./, c- lailil ID hnl .1 series of a Fourier scries 

Fourier coeilieieuts (llMTaj. f/c. Aulutr^hK? ^ function by its 

Functions R. p. AtMrwTl h ic ^lic - ^ uu the Fermi-Dirac 

v'Jiitlt arc sell-rcciproeal in the Hank I some new Kcrnals and functions 

•l.e expansion of arbitral trnasfor.n D. P. Bancrji has studied 

{10-10, mia, lA. K liasu Ins^wrirnn 'arious special functions and scries 

P, , ,, ' / ^ Somne’s jKjlynomiais ( 1943 ). 

K. C-handrasekharan himself mrl ; n i ^ ^ 

sundaram Jias consider* d il> ' i e <^oliaboration with Minakshi* 

(lO-lO. 1948/. c, of multiple Fourier scries 

some results on 'doul)ic FolirDr'scTies'' ^947)*'" obtained 

series in several varialdes (1948fi) S f' Mlv ■ i / also have studied f'ouncr 
functions (1940) H r ('uor-i in- ' '^'•‘^‘^ussed certain self-reciprocal 

Hnnkcl Tr t^h^rms nonm ' ‘ T "" "" «P"^"ional calculus and 

scifu ccipr. 7 i r ' r. 1“ ‘'"ivatives of 

hinctions (ly-lSfr). ' '' on ,sclf-rcci,.rocal 

of fltt^L'Snnhlf '? T'r ‘'7'''"'' ‘•'"d theorem, 

polvnomi ik and mlu " l ’>”i fntmula or the generating function of Lagiierre 

<d a crt.in 7ml 7l ’’>■ ''•t^^tudied the applLtion 

has 7so le7l ne7 V ‘<>'"'^'''KfKe of Fourier series (loL). He 

Fourier series (lOPi/.l* iT'o convergence and summability tests for 

gon'7 fut71ions 0 d 7 r m"’; 1 closure of ortho- 

rec.proca funenons (Ifl-ta). S. C. Mitra has vvrit.eu I m^er ^f ^papers on 

to the study of reciprocal functions (1940*;, h, c; 1941/.), ^ * 

to th7T7,''’ ''‘■•■V'''«'>Kftcd the summation of the integral conjugate 

nined P " '^7' "7 'ypc- In another paper he has ijeter- 

fnun \ "'‘i J?‘"'P ^ Ity its Fourier scries (1942). He has 

Prndrl 1 ‘il’^li'tc convergence of a Fourier scries (1940). B, N. 

nsacl has given a rcvievv of the work on the summability of Fourier series and 

its conjugate series (104.)/?). Han Shankar has made a study of certain sclf*rcci- 
procal *^^"^*'ons (J^4M, /.). A. Sharma has discussed a generalization of Legendre 
Polynomials (l.)48). In another paper he has made a study of certain theorems 
in operational calculus (1945). 

A N. Singh has written a note on divergent Fourier sine scries (1943). U. N- 
bingh has mvcscigated the strong summability of a Fourier scries and its conjugate 
senes (ld4/). S. D. Sinvhal has dealt with the Cesaro-non-summability of Fourier 
scries (1940/;, 104/). He lias also studied the Ricsz summability of Fourier scries 
(1040*;). He has also written a note on a divergent series of I.^gcndrc function 
(1943). R. S. Varma has studied a generalization of Laplace transform (1947). 

In another paper he has studied an inversion formula for the generalized Laplace 
transform (1949). He has discussed an inflnitc series involving the nrotluct of 
Bessel function and generalized Laguerre Polynomials (1940). He has also written 
a note on a certain sclf-rcciproca! functions (1942). 
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thcorcni^'v"ran'nmd Hadamard's factorization 

^eri on r .nJnir"?' 'r" ‘he influen^ce'^ t.f 
Ivcnirar nOlO lO^n I ^ functions regular in an angle (194.S). K. S. K. 
owi’ n, o 'r l has investigated a property of integral functions with real 
roots and of order less than two. Mahajani G. S. and Ram Behari (1947) have 

V R"ll,i'ruv"'r‘'*''?^ h>Ka>->tliniic expansion. In collaboration with 
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SPI'XIAL FUNCTIONS: INTEGRAL & FUNCTIONAL EQUATIONS 

S. C. Oliar has written a note on the addition theorem of parabolic cylinder 
unctions. He lias given integral representations of Whittaker and Weber func- 
tions (1940, 1942). N. G. Slialide has contributed a series of papers on integrals 
involving Legendre and Bessel functions, confluent hvpcrgeomctric functions and 
Laguerre functions (194(W, h ■, 1941, VMDa, h\ 194.">. 1940). S. M. Shah has 
written a paper on real continuous solutions of algebraic difference equations 
(1947). Hart Shanker has written a paper on the expansion of the product of two 
parabolic cylinder functions of non-integral order (1940^/). He has considered the 
integral representation of Weber’s parabolic cylinder function and its expansion 
into an infinite series (1940/;). He has devoted a numlier of papers to the 
study of integrals and expansions involving Weher’s paraholic cylinder functions, 
Whittaker’s confluent hypergeometric functions U94:trt, /; : 1944: 1948r/, b\ 1949). 
He has also written some papers on confluent hypergeoineiric functions and para- 
holic cylinder functions which are Hankel transforms of one another (1943^, 
lOlOrt. c). 

N, A. Shastri has given results involving Bateman’s polynomials, Angclcsen’s 
polynomial ^^(x), Bessel functions of third order and conlluent hyj>ergcomctric 
series and products of Laguerre polynomials (194(k/, /;, c; 194br, /;). S. Sinha 
studied infinite integrals involving Bessel functions and hypergeometric functions 
(I942r/, /; ; 1944^, /;). K. vS. \'arma has evaluated infinite integrals involving 
Whittaker’s functions (194o/;). He has also written a paper on integral repre- 
sentation for Whittaker function (194.7). Me has studied an infinite scries of 
Weher’s paraholic cylinder functions (1941/;). B. R. Rasricha has evaluated some 
integrals involving Humbert functions and Whittaker functions (1943/7, h, c). 

B. Mohan has contributed a number of papers to the study of the properties 
of certain confluent hypergeometric functions (1941/;. c, c, WVla, 1943/;). He has 
also evaluated infinite integrals involving Struve’s functions (194*2/;, c, e). In 
another paper he has dealt with some infinite integrals involving Bessel functions 
(1942/). S. C. Mitra has studied certain infinite integrals involving Struve func- 
tions and paraholic functions (1949). He has discussed ccTtain expansions 
involving Whittaker’s M-Functions (1940). He has worked on certain transforma- 
tions in generalised hypergeometric series (1943). 

P. Keshava Menon has given a generalisation of Ixgendre functions (1941). 

H. C. Gupta has evaluated some infinite integrals involving Bessel functions 
(1943/;;. He has discovered the application of operational calculus to the evalua- 
tion of a certain class of definite integrals (1043//). D. P. Banerji has given the 
expansion of an arbitrary function in a series of toroidal functions of the second 
kind (1942a). He has also written a paper on the application of the operational 
calculus to the expansion of a function in a scries of lycgcndre functions of the 
second kind (1942/;). Haridas Bagchi has applied the method of difference equa- 
tions to the summation of certain series involving Legendre and Bessel funcuon 
(1940/;). F. C. Aiiluck has considered the energy levels of an artificially bounded 
linear oscillator (1941). 
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.1 paper on the metric geometry of a cvciic n-point (1915). 
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Ram Behan has .studied ruled surfaces whose curved asymptotic lines can 
determme<n,y quadraluris (1912). He has also written aOiote on geodesic 

iotiTto tli lu''’ f'" important contribu- 

hie fan ir''"r 'f f »eltrann atui Rihacotir. He has discussed the 
so ,1 "l 7 ' I •' ■' congruence. He has 

expressions foi it m some eases. He has investigated the properties of rectilinear 
congrtiences hy using tensor analysis (19-10). He has also written a note on normal 
eet, linear congruences (lai-l). Along with Ratal, Shankar Misra, Ram Behari has 
lOiiiul sonic lorniiiinc in rccrilincar congruences (19-19]. 

viriam ‘'I"'' Karmakar (1919) have investigated the scalar in- 

anants of a generaj gravitational metric. V. Rangachariar has also investi- 
n',, • ^'"‘'l '■“'•"igular hyperboloids (191l«). He has investi- 

m .. ! .,‘m P'''T^''''‘--s of conicoids ol a pencil touching a given 

‘ ^ 7 1 ’ ’ . mxl B. Singh (191,")) have written a joint paper on 

the radical conic of two central conics. ^ ' 

hinher dim^'T""'’' ''i’’"’, ''f "f l^ilf>--'‘-'mial Geometry of 

crncent^^.^ and calculus of variations. He has written a note on die 

•irlmiftin tl K‘‘‘x^^''al‘se<l path-spates. He has dealt with Path equations 

. dmittmg the Lorentz group (1941). hi another paper he has studied the differen- 
tial invariants of a tivo-mdex tensor (1949). R. N. Sen (1944; 1945 • 1940) has 
written a number of papers on Parallelism in Riemannian Space. He has also 
contributed some papers to the discussion of parallel disiilaccmcnt and scalar 
product of vectors (1948; 1949rr. b). N. Chatterji and P. N. Dasgupta (1940) have 
studied some congruence quadrics obtained from linear complexes of the irrcdii- 
cible system of two (|iialcrnnry quadrics with two linear complexes. 

investigated the properties of bicircular 
qii.irtics, cylindrical and similar surfaces, and cyclides and hypercyclidcs. He has 

also written notes on the common tangents of a cubic and one of its sextactic 
conics and on the sextactic points of a cubic and its Hessian (19J8rt, 1940). B. 
Kammurti (l.MO) has given a geometrical proof of a theorem on spinors. 
Mohammad Shabbar (lOfU;) has discussed the existence of a metric for path- 
spaces admitting the Lorentz group. S. Chidambaram (1940) has written a note 
on a certain inscribed rectangle of a conic. B. R. Venkataraman (1941) has 
discussed some theorems in circle geometry (1941). C. N. Srinivasiengar (1940) 
has investigated some new properties of rectilinear congruences. A. C. Choudhury 
(l942<'/,f? ; i94.-) ; 1944a) has contributed a number of papers to the geometry of 
the web. P . Kesava Menon (104.">} has given an extension of a theorem of Sterner. 

Ram Mandan (1941^) has discussed the relation between a pencil and a range 
of quadrics. He has also studied the properties of mutually self polar tetrahedra 
(19416). He has also written a note on symmetrical figure of circles and points 
(1945a}. In another paper he has discussed the properties of Gauss-points in 
n-dimensional space (1949). N. N. Ghosh (I940rt, 1945, 1948) has given a matrix 
treatment to the motion of a rigid body in hyperspace. He has also given a 
matrix theory of screws in hyperspacc (1043). 
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V. R. Chariar (1945^) has considered the harmonic transversals of two pairs 
of cjudrics and a straight line. He has also written a note on transversals which 
meet consecutive generators of a ruled surface of a constant angle (1045c). In 
another paper he has discussed the skewness of distribution of the generators of a 
ruled surface (1949). R. S. Misra (1949) has studied the geometrical properties of 
five families of ruled surfaces through a line of a rectilinear congruence. 
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THEORY OF GROUPS 

/in.r )'* *^°^^^**’i*^«* a series of papers to the Group Theory 

(1044/7, b, c, 104o, 1040/7, h). He has considered the problem of the number of 
generators of a free product (1941). He has given a discussion of the group theory 
in context to a problem of paper-folding and certain other problems (1942c). 
1 . Venkatarayudu has studied normal co-ordinates of symmetric points group II 
and group S. He has also discussed the characters of the class of various forms 
in symmetric groups. He has written a paper on the Immanants of a matrix asso- 
ciated with a finite Abelian group (1943/7, mr>a,b). Harish' Chandra has 
developed the theory of Infinite irreducible representations of the Lorentz Group 
(1947). He has also considered the representations of Lie Algebra (1949; 1950). 
A. C. Chaudhuri has worked on Quasi-groups and non-associativc systems I, II. 
(1048, 1949). R. C. Bose and S. Chowla have in a joint paper discussed a method 
of constructing a cyclic sub-group of order p-f-l of the group of linear fractional 
transformation mod p (1945). K. G. Ramanathan discussed the problem of the 
product of the elements in a finite Abelian Group (1947). Ramadhar Misra has 
considered the Lattice sums of cubic crystals (1943). 
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HYDROMECJMNICS 

®-. ha'c written a paper on the motion of a 

inTDinefnq 47 r°H '"J ''' R^V ^wdied turbulent flow 

m a paper (194 (). He has also discussed the development of liquid motion due 

to an impu se (1949) S K. Roy has considered the m^otion of a lo\al vmtex L„d 

focaTvonex ^no’l'9 H I equilibrium of a 

lOtll R q f ■■’•P'P" viscous flow 

(I. U). J5. J<. both has obtained some solutions in viscous flow by the method of 

superposition of effects (1042). He has discussed the stress-strain velocity relations 

in eciuations of viscous flow (1044). In collaboration with Qabul Chand Gupta he 

has applied the method of images to waves in canals (1040). ^ 

H. Sircar has commented on H. Poncin’s problem (1042). V R Thru- 

renkatachar has investigated the motion of a thin airfoil in supersonic 'stream. 

He has also studied compressible shear flow. He has evolved an analogue of 

Blasius^ formula in subsonic compressible flow (1048, 1049), S. L. Malurkar has 

made a study of the dynamics of thunderstorms (104a). S. Chandrasekhar has 

developed the theory of statistical and isotropic turbulence (1940^7, h, c). Ram 

Rallabh has written a numher of papers on supcrposablc motions in incompressible 

fluid (1041, 1042, 1043^7, hi 104o). Slianti Ram Mukherji has contributed a 

number of papers to the solutitm of viscous motion in incompressible fluid under 

various laws of viscosity variance (1042/7, b, c, 1043/7, b). 


Bibliocraphv 

HallaMi, Ram (1941). Supcrposablc motions in a heterogeneous incompressible fluid. Proc. 
Ilrnare^ math. Snc. (N.S.), 3, 1-9, 

(1942). On 8uperf)osal)ility. J. Indian math, Sor. (N.S.), 6 . 33-40. 

(1943o). Steady uniplancr superposablo fluid motions. J. Indian math. Sac. (N.S.), 

7. 36-41. 

(1943^/). On two-dimensional self-superposable fluid motions. Proc. Benares rtxath. 

Sac. (N.S.), 4 , 27-31. 

(1943c), Fluid motion of the typo f| = Xjn, etc. and fj=X,n, etc. Proc. nat. Acad. 

Sci., A, 13 . 161-158. 

(1945). On fluid motions superposable on an irrotational motion. Proc. Benares 

math. Sac. (N.S.), 7, 11-15, 

Banerji, A. C. and Varma, R. S. (1942). On the motion of a compressible ellipsoid in a 
viscous fluid. Ibid., 4 . 77-94. 

Chandrasekhar, S. (1949//). The theory of statistical and isotropic turbulence. Phys. Her., 
(2). 75. 896-897. 

(1949//). On the decay of isotropic turhtdonco. Phys. BfW, (2), 75. 1454-1455. 

(1949c). On the decay of i.sotropic tnrhulencc. Phys. 7?cr., (2), 76. 158. 

Malurkar, S. h. (1943). Dynamics of thunderstorms. Proc. Indian Acad. Sei.^ A, 18 . ^*27. 
Mukherjee, Santi Ram (1942o). Motion of an incompressible fluid with varying coefficient of 
viscosity given by = for positive values of x. I. Proc. nat. Acad. Sci. Indxa^ 

A. 12 . 121-130. , , . 

(1942//). Motion of an incompressible fluid with varying coefficient of viscosity, 

given by for positive values of x. II. /ftiV/., A. 12 . 151-160. 

{1942r). Motion of an incompressible fluid with varying viscosity coefficient given 

by /*= f ,x for positive values of x. Til. Ibid., A, 12, 161-167. 

■ (1943//). Mdlion in incompressible fluid of variable design. 

(19436). Motion in incompressible fluid of variable density. II. Ibid., A, 13, 

Nath S^r^, Pirtbvi (1943). Elliptic sources and vortices. Proc. Benares math. Soe., (N.S.), 

Ray, M. U947). On a type of non-stationary turbulent wave. Bull. Calcutta math. Soc., 39 , 

— ^^(1W9). Development of liquid motion due to an impulse. Ibid., 41 , 179-182. 



HYDROMECHANICS 29 


Roy, S. K. (1941). Motion of a local vortex round a distmled corner, Pruc. Benares math. 
Soc. (N.S.), 3, 71-93. 

(1942). On a case of slow viscous flow. Bull. Calcutta math. Hoc. 34, 109-127. 

(1943). Equilibrium of a local vortex. Proc. Benares math. Soc. (N.S.). 5 , 45-67. 

Seth, B, R. (1942). Viscous solutions obtained by supci position of effects. Proc. Indian Acad. 
Bci., A, 16 , 193-195. 

(1944). On the stress-strain velocity relations in equations of viscous flow. Proc. 

Indian Acad. Sci.^ A, 20 , 329-335. 

Seth, B, R. and Gupta, Qabul Chand (1940). Method of images applied to waves in canals. 
Proc. Benares math. Soc. (N.S.). 2 . 25-31. 

Sircar, H. (1942). On H. Poncin’s problem. Bull. CalcuHn math. Soc., 34, 210-213. 
Thruvenkatachar, V. R. (1948). The analogue of Blasiu’s formulae in subsonic compressible 
flow. Proc. nat. Inst. Sci. India. 14 . 339-342. 

(1949n). Compressible shear flow. I. Thin airfoil in steady supersonic flow. Proc. 

nat. Inst. Sci. India, 15 , 219-231. 

' (19495); Compressible shear flow. II. Non-steady nmtion of thin airfoil in super- 

sonic stream. Proc. not. Inst. Sci. India, 15 , 233-240. 


theory of numbers 


■n tlic Ni.mhcr tlicorv. He I, as given sXi, n r' " P^^lems 

1 'Iran in a<l<|i,ive nnmi.er thcok- Ik i f "V" and 

Siegel. He ha,s also written a oIkt n I? t" 1’™°^ °f ‘hcorent of 
of the Rieniann Zeta function (]!)], 'Hi f k ^-analogue of a result in the theory 


^ 

a 

symmetric 
sSome properties 
note on some 


Ilan 

mini 


'^raj Oopta r • V)^ / . ‘ ^ ^ , i^upiadratic residues (1944/ 

il^er of papers att'nwenared nh s of 'r'i" 'heor^ in 

functions in the theory of intefrnl i P***' He has studied svmmetri 

of -enerdl-,,.! i ' numhers. fic has investigated < 

u ^tntr.ilized conihinatory functions (\<)t\l, n i ^ 

'S S t ".:;sv'.,;r;.„7,.= 

9 ,). HKIflr 1010,H O.. i-„- suii^iueiicc 


proiierties';};;;;;';;;;,;; stuc,,eci the —nc. 

of value of r (n) fI9-l7r/) FTf I,-, ' • ’ ’ prepared a table 

of the nunrlter theory.^’ P-''P"-^ various other aspects 

inetluH'- R Menon ^nnh^l" '"'r"'"’? "f diagonalization 

(IPiO). He Ins ,lso\h . ‘ congruence theorems 

VvZnVdXrem noVt^ a fi'-aSon^o" 

of the divisor function (ini"*)""' '' »«"’<■ generalizations 

snu-,J^r'''''"’;'''''''Tr '^>’.>'-'''Sar (IPl'h mil) has stutlied the theory of the nearest 

discussed Ihe''" " collahoration with l>. H. Kaprekar he^ has written and 

vr^ congruence properties of Ramanujan’s function rfii) (Ih-lO). He has 

function (’r"‘’s congruence properties of the partition 

ec nations hr r ^''''''c’d the differential 

numb f PPlai (1040/7, h, e, h, i; 1041/7, h) has worked on normal 

numbers, consecutive integers and prime numliers. He has written a number 
ot papers on Waring s problerns with powers of primes (1940^, 1044c). He 
has studied the problem of lattice points in a right angled triangle (1043/7, R 
He has written a note on the smallest primitive root of a prime (1044/7) K G 
Ramanathan (1943/7, 1044/7, 194.*)//, b, 1047) has written a scries of papers on the 
congruence properties of Ramanujan's function r (n). He has also studied certain 
of Ramanujans Trigonometric sums C,n(n) and their applications (1043/7, 1944/7), 

K. Sambasiva Rao has written two papers on the representation of a niimlx^r as the 
sum of the ^th power of a prime and /th power of free integer (1040/7). 

C. S. Venkataraman (lOlfi/?, h,c,(f, e; 1040/7) has studied multiplication functions. 

T. Vijayraghavan (1040/7) has written a note on flecimals of irrational 
numbers. In collaboration with S. Chowla he has studied the complete factoriza- 
tion (mod p) of the cyclotomic polynomials of order p*-l. (1044). Tliey have also 
given short proofs of the theorems of Bose and Sinjer (1945). He has written a 
paper on the fractional parts of powers of a number (1048). 

R. P. Bambah has contributed a number of papers (some with others) to the 
study of congruence properties of Ramanujan’s function t (n) (1040, 1946/r, h ; 
1047). D. P. Bancrji (1042/7) has worked on congruence properties of Ramanujan’s 
function t (n). He has obtained some new properties of the arithmetic function 
T (n) (1042/^). He has discussed the solution of a Waring’s problem (1942c). He 
has written two papers on some formulae in analytical theory of numbers (lOiia, b). 



THEORY OF NUMBERS 


31 


Bibliography 

biciuadrates. I-roc. I„.Ua„ Ar„,,. A, 11, 

4 I 1, for l>^{"). J. Imlian mail,. Hoc. (NS) 6 113134 

o' ‘'-aunb^ ol 

“‘''-.ouls of the unit .natri.v, .l/u,/,. .s„„l., 14, 69-70 
3w‘!T 91.93."'“ Hamanujan’s iun.tiuu r(„,. y. 

(1946c). Oil a function of Ramanujan. 12, 433 

anrSwa ' s'Tl9«ur''''s”“ ‘ongrue.u.; ,uo,,erty. S3 . 764-765. 

^cu''7,nfL'; uUTIJI""' '"nction r(„,, Pcor. , ,.L 

ilS yy;'^"'P‘etM>nmalive residue sets. HuU, Cahutla math Soc 38 113 lift 

(1946d). On integer roots of the unit matii.v. ,Vr/. ,(• Cult.. 12. 105 


_ (}QA7n\ A ^ a* i (Id., iuo. 

'STol:. S3, 768-^2^.'"“"" "■•'"'“""jao's function r^o,. .4„,c,, 


math. 6'oc., 53, 768-769. 

-S' ^'"■‘6';“'*"“ R“"‘a'>ujan's function r(n). /6,,f„ S3 950-955. 

— (I947J). Oii”Lmbm ^Sl"ca“n L y. A/ath. |8, 122-123. 

/nst. S'ci. //iftia, 13, 101-103 • I ressed as a sum of two squares, /'roc. naf. 

~‘n947/l' 13, 241-246. 


0047/1 Tl 1 , •••ai.f.v. /Wfu., 

-ofV .Vui:, 22 i5oA 47' nn) to tt.c modulus 2-. /. Loo.,. 

'L.','sr766'76r®"“‘" 

Ramanujan's funaio^T(;,7'‘(;„“t. Congruence properties of 

«uS; 6'oc.‘ 17,^l!l4.145“."®"''"” Katnanujan's function r (n). J. Lon.,. 

5?" )mfi" A,'ri'T49750'’‘'‘’‘’"““ ^n). Proc. 

34, *197799!'’° of •'"> 'easier' Waring's problem, /Jii„. Cu,cutta molh. 


llcnate.Jmath . .Vul '(7™),' S^'^'sO "" ^'"1'''“"''“" equation na" - f/y"./,. 

^c*. 36,"49.M.‘ “"alytical theory of numbers. Itu„. C',i,c„l/a mol,,. 

^^StiEr RiLn“^^^ 

‘"™">P‘ele block design. ,l„„. Ca,c„ll,i 

Bo.se, R. C\ and'cimwl7,s° n'M5f“'(),! P ■ I '"Han mall.. Hoc (N .S 1 5 115 

".au. Hoc., 37, lOTAir ’• " of airine .lifference set! tile, Jfa 

“\,uadrat,“7 7itrap^l“^^^ ‘^'O "Regral order (mod. p) of 

^^(lQd5 “me number theory results' //,.„ """‘mum functions for 

A chain of congruences l^' I, L 30, 153-174 

191'P56). Minimum functions in flalois iields. 

Chakraherli,“l. C.“'(iM6).''' Oif the limit ‘po7ds‘of''a‘‘’t "n -1'“'"’ ^'b 5. 361-382 

Cliowrt Tl'od/'r"' 7'""'“ '5"" ! 32, 1-6. O'mnected with the three-square 

l°",j943u"’" '™"^3“'';?7!'V!'23.27°'“'' '^"'mann r.ela func- 

m'220, '• ■"■o^lem (mod. p). Pcoc. Sci. a, 13, 

71 l.il. Hoc], f, (2),° ISde.* of 3-combination of |irimc3 in A. P. Proc. Lul.or'e 


32 


PROGRESS OF SCIENCE IN INDIA 


i}^?‘ P*'operty of bi(juadiatic residues. Ibid,, A, 14, 45-46 
■ jT <-ontnbution to the theory of the construction of balanced incomDlete 


— (ly44c). The cubic character of 2 (mod p). Ibid 6 t2\ 1 ? 

- (1944/). I>ror. Lahore phil. Soc., 6. (2); 17-25. ” ‘ 

no^c^!' On y(/) in Wanng's problem. Proc. Lahore phil. Hoc., 6, 16-17 

- (1946.0- A formu a similar to Jacobsthel s for the e.Kplicit value of * in%= 

— (1945/0. A cubic character of 2 (mod ;>). Ibid . 1 Iv 


x*+y’ 


^ method for proving results of elliptic function theory. 


(1946./). Contributions to the theory of the con.struct 


block designs. 57././., 12, 82-85.’ ^ balanced incomplete 

difTorence set. J, Indian mafh. Hoc. (N.S.), 9, 28-31. 

^mntic e.juations soluble by radicals. Math. Stud., 13, 84. 


llO/lAV A k I I* — Mkft ATf, 

10 A 7 ^\ A note on multiplication functions. /Voc. nat. Ineti. Hci. India, 12, 429-430. 
(1947a). On an un.suspected real zero of PJpstein’s zeta functions. Proc. nat. ImU 


5Vj. India, 13. (4), 1, 1\ 

— (1947//). A theorem in analytic number theory. Ibid., 13, 97-99. 

— (1947r). Modular e.juations as solutions of algebraic differential equations of the 
si.xth order. Ibtd., 13, 169-170. 


■ « number of the corpus P (^-k). Proc. nat. Inst. Hci. India, 

-- (1947c). On a problem of analytic number theory. Ibid., I3, 231-232. 

— (1947/). Note on a certain arithmatical sum. Ibid., 13, 233. 

— (1947./). On a theorem of Walfisz, J. Land. math. Hoe., 22, 136-140. 

(1947/i). Proof of a theorem of Lerch and P. Ke.shava 31enon. Math. Stud., 15, 4. 

— (1949o). Improvement of a theorem of Liimik and Walfisz. Proc. Land. math. Hoc., 
(2). 50, 423-429. 

(1949//). An impro^ement of a theorem of Linnik and Walfisz. Proc. nat. In^t, 


Hci. India, 15. 81-84. 

— (1949cl. Tho last entry in Gaus's diary. Proc. nat. .4cad. Hci., }Vash., 35, 244-246. 

— (1949./). On difference sets. Proc. not. .lend. Sri., \ya*h., 35, 92-94. 

(1950). A new proof of a theorem of Siegel. Ann. Math,, (2), 51, 120-122. 


Chowla, S. and Singh, Daljit (1945./). A perfect difference sot of order 18. Proc. Lahore 
phil. Hoc., 7, 52. 

(194Sb). A perfect difference set of order 18. Math. Stud. 12, 85. 

(’howla, S., and Nazir, A. R. (1946). Numbers representable by a ternary quadratic form If. 
3/<7//t, Stud., 14, 23. 

C'bowla, S. D. and Vijayaraghavan, T. (1947). On the largest prime divisors of numbers. 
/. Indian math. Hoc. (N.S.), 11, 31-37. 

Chowla, S. D. and Todd, John (1949). A density of reducible integers. Canad. J. math., 
j 297*299 

Chowla’ S and Selboj, A. (1949). On Epstein’s zeta function I. Proc. not. Acad. Sci., H’m/A., 

A, 35, 371-374. . 

Gangadharan, K. S. (1945). On some identities and a generalization of Wilson's theorem" 
3/a<A. Stud., 12, 75-77. 

Oupta, Hansraj (1940o). Symmetric Functions in (he Theory of Integral Numbers. Lucknow 
Univ. Studies, No. 14, Allahabad I.,aw Journal Press, Allahabad, India, vii & 105 pp. 

(19406). On the absolute weight of an integer. Proc. Indian Acad. Sci., A, 12> 

60-62. 


(1940c). Waring’s problem for powers of primes II. J, Indian math. Hoc. (N.S), 
4, 71-79. 

— (1941n). Some properties of generalised combinatory functions. Ibid., 5, 27-31. 

— (19416). On numbers of the from 4® (86+7). /6iV/., 5, 192-202. 

h • A . rt*.. A ... .9 Ct^! A « 


(1941c). An important congruence. Proc. Indian Acad. Set. A, 13, 85-86. 

d\. 


(1941//). Some idiosyncratic numbers of Ramanujan. Ibid., A, 13, 519-620. 

— (1942n). On an asymptotic formula in partitions. Ibid., A, 16, 101-102. 

— (19426), A formula in partitions. J. Indian math. Hoc. (N.S,), 6. 115-117. 

— (1942c). An inequality in partitions. J. Univ. Ilomhay, H, 16-18. 

— (1942o), On the class numbers of binary quadratic forma, Univ. Tucumdn, A, 

3, 283-299. 

— (1943a). On residue chains. Math, Stud., 11, 54-55. 

— (19436). Congruence properties of t (n). Proc. Btnarte math. Soe., 5, 17-22. 

— (1943c). A fonnule for L (n), /. Indian math. Soc. (N.S.), 7, 68-71. 



THEORY OF NUMBERS 


33 


Gupta, (1943(/). On the maximum values of pj^(n) and n-Kfn). 7 , 72-75. 

properties of <T(n). . 1 /a/A. 13 , 25-29 

' ^ parity of p{n). J. Indian math. Soc. (N.S.), 10, 32-33. 

asymptotic formula in partitions. Ibid., 10, 73-76 
~ ^ conpuence property of T(n). fwc. Indian Acad, .-^ri., A, 24 . 441-442 

(1947a). A table of values of N,(l). Proc. nat. In^t. iSct. India, 13, 35-65. 

(19476). A table of values of T(n). Ibid., 13, 201-206. 

power residues. (Juart. J. ,]JatIi., 18 , 253-256 
(N.SO 9 ^ 59 '^''°"^''“'“''*' relation between t (n) and 5(n). / Indian math. Soc. 

vanishing of Ramanujan’s function t («). Curr. Sci., 17, 180 
(1948c). On (r) m the Tarry-Kscolt problem. I'roc. nat. In.<t. Sci. Indit. 14. 
335*336. 

nSl* ^,^o"jccture of Miller. J. Indian math. Soc. 13 85-90 

/Wiaril’37V° “^'°" Tarry-Escott problem of degree r. Uoc. nat. Inst. Sci. 

® problem of Erdos, Amer. moth. .Mon , 57 326-329 

'continued fractions. / 1 /af/,. 

representable by a ternery quadratic form I. Ibid., 

Kaprekar D. li^ (1945). A peculiar gap hlling process for powers of (9)n. J. Univ. Bojnbay 
ItN.b.), 13, (5), A, 1. 

A, 7 . 9 ^’' '"‘“■'"‘'■'t' application of diagonalisalion method. 11, id., 15 , ( 3 ), 

,11®!?’- Kha.es.vada Devlali, _ India, 114 pp 


u- ' -^v AYiiuic^wuua uevJaiJ Inriin lid tin 

*l‘ao''ein on congruence, '.dalh. 'siiid., gl 156-158 
] 942 M /'“lo"' .("«/. .Sr,., A, 16, 95.100 

^rfu,Ltt '7'/:,',:;! »' ‘'-e S.c.d. and l.c.m. cf 


.1 I V>niv,ii uie luiiciion 

(N.S.), 6 , 137-142. 

riansformations of arithmetic functions. Ibid., 6 , 143-152 

— 1M36 ‘ O residues Prac. Indian Arad. Sci., A n, 107-113 

— ?? functions. Proc. Indian Acad. Sci., A 18 ^-99 

in multiplicative functions. J. Indian math. Soc (NS) 7 58-62 

— (IMSa). bo.no generalization of the divisor function. /. Indian am/A; vlk (N S b 

nllitl' m B'^neralizution of Wilson’s theorem. Ibid., 9 79-88 
IgS J"“'>«f‘»-mation of products of I-functions. Ibid., 9, 93-105 


/iQ4Ar*\ 0 * > * ^ ^ I a . Mar/i , 13. S^.54 

W 43 - 447 ”"*' li-funclion. /Vac. Indian Acad. Sci., 


A, 24, 443-447. 

equation ax' Aiby^ = cz'. Math Sind u T 7 an 
(1946r) Some Diojihantiiie equations. Ibid., 14 65-68 ' 

A af ax a..v A a ' VW VUa 


Krishna.swami Ayvangar A A 

J. Mj/i>ore^t/mv., A, 1 , 21-32^^^^ ‘ ^ continued fraction. 

i^^s.vimi‘’Ayvai ‘a ‘ A "'and'Ka^eT >' 

numbers. J. v„i,, (N.S.),‘ , 4 ^ pkrt 5, A. WO ' »' Fibonacci 

12, *^52. Congruence properties of Ramanujan's function T[n). Sci. d- Cult., 

to certai!, congruerice'rclaSns.”' applications 

Rid. *"* function uK (n). I. 

certain cOTgrucnce^eEn°s' '’/W.,’‘ 38 ,''i^l 32 ' function .vith applications to 

39, 33-62. ^*'""“""•1“"“ functions T (n) and the divisor function uK{n). II. Ibid., 


uuf.'Tai: &r/m?h"?4“^“3S «'» Partition function.' Rrlr’.' 

Rci.*T®AR.!“,t"3i'.3™^“'"“'''‘^'“" “"«'"rt.co properties of the partition function. 
Majumila,.; K.de„dra Narayan ,1948). On the divisors of „u»+h/3-n 

satisfied by certain functions. 

5 


34 


PROGRESS OF SCIENCE IN INDIA 


Mian. A. M. and Cliowla, S. (1944/d. The difTcrential equations satisfied by certain functions 
Pror, iMhorr phil. Sor., 6. Q-IQ. 

— (1944r). On the sequences of Sidon. Proc, nat. Acad. Sc'i. India, A, 14, 3-4. 

Misra, Rama Dhar (1947). Ou lattice sums for closest packing crystals. Proc. Benares math. 

!Soc., (N.S.), 4, 109-112. 

Narasimharnurti, V. (1940). On Demlo numbers. Math. Stud., g, 34-37. 

(1941). On Waring s problem for 8th, 9th and 10th powers. J. Indian math. Soc 
(N.S.), 5. 122. 

Nasir, Abdur Rahman (1946). C)n .a certain arillimetic function. liuU, Calcutta math. Soc., 
38. 140. 

Prasad. Serveshwar, and Chariar. V. R. (1946) On certain Diophantine equations. Patna 
Vmr. y. 2. 66-71. ‘ 

Nasir, A. R. (1947). Residue of («) modulii 2. Amcr. math. Mon., 54. £74-275. 

— (1947). Properties of three numbers in a G.P. Ihdl. ('alrutta math. Soc., 39, 79-81. 

Pillai. S. S. (1940a). On m consecutive integers I. Ihid.. A. II. 6-12. 

(1940/'). Generalisation of a theorem of Mangoldt. Ibid., A, II, 13-20. 

(1940c). On rn consecutive integers 11. Ibid., A, II, 73-80. 

(1940//). On W'aring’s problem g(6) = 75. Ibid., A, 12, 30-40. 

(1940' ). Waring’s problems witli indices ^n. Ibid., A, 12, 4145. 

(1940/). A note on Gupta’s previous paper. Ibid., A, 12 . 63-64. 

(1940//). Oil normal numbers. Ibid., A, 12, 179-1^. 

(1940/i). On a linear Uiojihantine cijuation. Ibid., A, 12. 199-201. 

(1940i). On W’aring'.s problem with powers of juinies. Ibid., A, 12, 202-204. 

■ (1941//). On tlie sum tunction connected with juimilive roots. Ibid., A, 13, 526-529. 

(1941//). On rn consecutive integers III. Ibid., A, 13, 530-533. 

(lOdlc). On algebraic irrationals. Ibid., A. 15. 173-176. 

(1942//). On a prolilom in Diophantine appro.ximation. Ibid., A, 15, 177-189. 

(1942//). On the congruence property of the divisor function. J. Indian math. Soc. 

(N.S.), 6. 118-119. 

(1942'’). On the divisors or //”-f-l. Ibid., 6. 120-121. 

(1943a). Rattico points m a right angled triangle II. Proc. Ind. Acad. Sci., A, 17, 

58-61. 

(1943i). Lattice points in a right angled triangle III. Ibid., A, 17, 62-65. 

(1943/'). On (/_,(/») and <&(/i). Ibid., A, 17, 67-70. 

(1943//). Highly abundant numbers, llxdl. Calcutta math. Soc., 35, 141-156. 

(1944//). On n^ — l'^ =b*'±n* J. Indian moth. Soc. (N.S.), 8. 10-13. 

(1944//). On the smallest primitive root of a prime. Ibid., 8, 14-17. 

. (1944/*). On Waring’s problem with powers of primes. Ibid., 8, 18-20. 

— (1944//). Highly composite numbers of the fth order. Ibid., 8, 61-74. 

(1944r). Bertrand’s postulate. Hull. Calcutta math. Soc., 36, 97-99. 

(1944/). Ou m consecutive integers IV. Ibid., 36, 99-101. 

(1946//). On the equation 2*-3*'=2^+3^ Ibid., 37, 16-20. 

(1945//). Bertrand’s postulates and correction to the above. _ Ibid., 37, 27. 

(1945r). Universal rational functions. Proc. nat. .Scad. Vi., Wash., 31, 31/-31J. 

Prasad, A. V. (1948). Note on a theorem of Ilurwitz. J. Land. moth. Soc., 23. 169-171. 

Rai T (1947). On a problem of a<lditive theory of numbers. Math. Stud., 15, 25-28. 

Radhakrishna Rao, C. (1944). Extension of the difference theorems of Sinjer and Bose. Sci. 

d: Cult., 10. 57. 

^ 1945 ). Finite geometries and certain derived results in theory of numbers. Proc. 

nat. Inst. Sci. India, 11, 136-149. ,, , 

(1946). Difference sets and combinational arrangements derivable from linito geo- 
metries. Ibid., 12, 123-135. . , , . /• / \ f Mnlrnt 

Ramanathan, K. G. (1943//). On Ramanujan’s trigonometrical function. C„(/»>. /. Maaras 

Unit'., B, 15, 1-9. , 1 / ix c/ J 

- (1943/>). Congruence property of c (n), the sum of the divisors of n, Mfitn, o 

... (1943/:). Multiplicative arithmetic functions. J. Indian moth. Soc. (N.S.), 7, 111-116. 

(1944a). Congruence properties of Ramanujan’s function '^(”). Proc. Ind. Aca . 

Sci., A, 19, 146-148. , ^ ,, , v n ind 

(1944//). Some applications of Ramanujan’s trigonometrical sum 6p,(n). I roc. ma. 

Acad. Sci., A, 20, 62-69. 

- - (1945/1). Congruence pr/iperties of Ramanujan's function '^(n) II. Ibid., (N.S.), » 
65-59. 



THEORY OF NUMBERS 


35 


Ramanathan, K. G. (19456). Congruences properties of ^ (n). Ma(/i. Sh/d., |3, 30. 

(1947). Congruence propeities of d^N). I'roc. InJ. Acad. Sci., B, 25, 314-321. 

congruences of the Ramanujan’s type. Cunad. J. Mat/t., 2, 
16o-178. ^ 

Ramaswami, V. (1948<0. On the number of positive integers < X and free of prime 

divisors > X^ Sci. d- Crdf.. 13, 465. 

13/^5^^'^’ iHimber of integers and free of prime divisors > X" /hid., 




problem of S. S. Pillai. /6i'.7., I3. 503. 

— (19407). Sapiences satisfying a, = 1, and (r+l)>-’a <a -a 
‘Vn/A. 37e/7., 16, 31.33. ^ r^r 


and 


a i>riS\/‘!'%"Tn"" integers <x and free of prime divisors 

(1943*). On the number of positive integers less tlian x and free of prime divisors 
greater than .x®. /lidt. Aunr. math. Soc., 58. 1122-1127. 

liaraaswami. V and Sambasiva Ran, K. (1945). On the probabilitv that two /th pownr-free 

./, /n'r mn!’r!w. (N.S.I 1 :'S 8 •'““''l.cr. 

Sambasiva Rao, K. (1940n}. On the representation of a number as the sum nf tlm 

• Generalisation of a theorem of Pillai Selbere Ibid \ 11 

A corrnction. J ,w. (N.S.), 4.'l25, ’ "■ 

(1941). On Waring 8 problem for smaller powers. Ibid, 5 117-121 

Sambasiva Rao. K. and Nagablimshanam, K. (1943). A note on Vinogradow numbers. Ibid., 

Sastry, S .^^a940).^ On Tarry’s problem. J. Indian math. Sac. (N..S.). 4 167-168 
(1947). On equal sums of like powers. .1/a/A. Stud., IS, 29-32 

Sastri, S. and Rai, T. (1948). On equal sums of like powers. MuH,. Shid , 16, 18-19 

(N.S )', 7a43’i45”" “ "f f^'Klion I. J. /n,l. mall,. Soc. 

JJ" “ pnnperty of the divisor function II. /I, id., 7 , 146.151 

’■ property of tire divisor function, . 1 , ^lall,:, 67 , 

Sen C.iipta, H. M. (1947). On Ramanujan function Tfn). .Mall,. Sliid., IS 9.10 

^’"“T3,"4748.^' O' l«'litions of O' inlo four cubes, .1/,,//,. Slad., 

— I (1948). Practical numbers. Cnrr. .SVi., 17 , 179-180. 

Sriniva.san, M. ^ (1949). Theory of Pbarinxe.s. J . I'nir. n<>mbtn, {\ ) 18 t 3 ^ A 4 ?? 

Suryanar^ayana^Rao.^R. ,19«). On nunrbers which are the sum' m- diilercmcf ’of t\reubes, 

Venka^miam^y^, IP ^47n^ -^^rs w,„ipr„eais have ike maximum recurrin, 

”cn?™B,^C'7o9-U4 "f Ramanujan. J. .l/;/.mrc 

C^.Sr?0, 1 %.""'° mnltiplicaiive funcion. /, lad. mall,. Soc. 


— ^^QAAJ^\ rri it \t ' , ’ JV. Of Oi. 


nmlliplicaiive functions of 

mo,Sr:'’'d/o^t/‘“,S7:7 u 5^62” ™ "'"•‘‘.-'-‘ive fnne.ions will, a 

- — — » ... 

vw.;.*...!' T. K.''"*','.";, r;. 'L“i, 


ac 


PROGRESS OF SCIENCE IN INDIA 


\ ijayaraghavan, T. (1940/0- Tlie general rational solution of some Diophantine equation of 

l+l ”r 

the form = A, 12, 284-289. 

f-1 

(1940r). Oil the fractional parts of the powers of a number I. J. Lond. math. Soc., 
15 , 159-160. 

— (1942). On the fractional parts of the powers of a number III. Ibid., 17, 137-138. 

\ Ijayaraghavan, T. (1948). On the fractional parts of powers of a number IV. J . Indian math. 
Soc. (N.S.)., 12 , 33-39. ' 

A ^ T. and Chowla, S. (1944). The complete factorization (mod. p) of the cyclo- 
tomio polynomials of order p*-l. Pror. nat. Acad. Sci. Ind., A, 14, 101-105. 

(1945). Short proofs of theorems of Bose and Sinjer. Ibid., A, 15, 194. 

(1948). On complete residue sets. Quart. J. Math., Oxford, 19 , 193-199. 



RELATIVITY MECHANICS 

tS.-J; non ■" new relativity 

theory (l,)41a). He has investigated whether Einstein's theory of new relativity 

IS consistent with the geodesic postiilatc (194Hi). He has discussed the gravita- 

lonal equations of motion in relativity (I94k> In collahoration with P. C Vaidya 

electro-magnetic lieltls with spherical symmetiy 
(1.147, 1948) With K, U. Karmarkar as the co-author he has investigated the 
conditions of plane orbits in classical and relativistic fields (I'lllia). They have 
tdso studied the geodesic form of Schwarzsehild's external solutions (IfiKifi) 
Narhkar and Ayodhya Prasad have written a paper on the Doppler effect in tiic 
field of a thick spherical shell (1949). They have also studiell the canonical 
co-ordinates m general relativity (1918). Narlikar and Ramji Tewari have written 
two papers on Einsteins generalised theory of gravitation (1949c/ b c- 1949c) 
In exillahoration with K. P Singh, V. V. Narlikar I, as discussal gravita’tioi'ial fields 
)f spherical symmetry and Wcyl s conformal curvature tensor (19, lO). 

K. R Karmarkar has investigated an important particular case of the prohlem 

( f line'r‘l '"“ * ■‘'^'i olHaincd a new theorem in the transformahility 

dis u"secl form (1947c). D. N. Moghc ha's 

discussed he theory of a system of receding particles having a tendency to 

approach the central mass (1940). He has also examined the kinematical theory 

in a^nostuht, of'"'^ ■' modification 

nrlslsren ■ 1 ^^" '^'■y Pom>«l out certain 

Sh <;T 1 ? r- ,' ’o theory of a new relativity developed by 

mernTfiehrof r-"” <>9401/). P. C Vaidya^ has Studied the 

a paper on sthenicaliy sv T" r ‘■"''‘'‘''‘'y He has also written 

I aper on spherically symmetric line elements used in general relativity (1945). 


Bibliography 

vS" 

'',2 205 “ Ciedro-static ficl.l equation. 

fiellww., U,*3^k ^ .solutions of Einstein's field equations in an eicctro.slatie 

72,*390^39a ^ Einstein's field equations. PInjs. Ile.v. (2), 

4 ^ ““'“dons of Einstein's Rravilalional equations, fluff. Calcutla 

fl/M. flcMr^f uin /3 " ,sl’r s 'f 7“'l7 25 “l«tron in gravitational fields. 1. 

nn!b,fX°l I's'; in (trnvilational fields. II. 

i'n- l-'tydkaliseher inlielt, fluff, C'„,ei,f/„ 
"■ 'in-nlnn-ents. /Vue. ,3. 

39" “Ouivalenee. fluff'. Cnfe„//u 

deo,/. .ye/,i'Ai'27,‘"6"6-60"''’'"" “P'wrv'Ml symmetry and' elas.s one. Pror. Indian 
''’"approad, ‘treentr°ar .yd. 


38 


PROGRESS OF SCIENCE IN INDIA 


Moghc I) N (1942//). Kincmatical tlicory and general relativity. /. Unit'. liombay (N.S.), 


- — — — (1942/>). A note on isotropic manifolds. Ibid., 11, (3), 6-8. 
iNarlikar. V. \ . (1941/?). The two-body problem in Einstein’s new relativity. 


Sci. India, 7. 237-246. 


ity. Proc. nat. InU. 


— (1941//). The consistency of Einstein’s new relativity with the geodesic nostulate 
Citrr. Sci., 10, 164-165. © • 

- (1941c), The gravitational equations of motion in relativity. Proc. Indian Acad. 


^ci., A. 14. 187-19^ 

Narlikar. V. \ . and \ aidya, P. C. (1942). The equations of fit in general relativity. Curr. 
oCK, 11, 390-391. 


-- (1947). A^ spherically .symmetrical non-static electromagnetic field. Nature, 159, 642. 
-- (1948). Non-static electro magnetic fields with spherical symmetry, Proc. Nat. Inst. 


Sri. India. 14 , 53-54. 

Narlikar, A . \ Palwardhan, G. K. and Vaidya, P. C. (1943). Some new relativistic distri- 
bution of radian symmetry. Pror. not. In^t. Sci. India. 9. 229-236. 

Narlikar, V. V. and Karmarkar. K. R. (1946/r). Conditions of plane orbits in classical and 
relalivisfic field.s. Pror. Indian .Ic//.7, ,SV/. A, 24 . 451-455. 

(1946//). Geodesic form of Schwarzschibl’s c.xternal solutions. Nature, 157, 515-516. 

(1946c). On the curious solution of relativistic field equation. Cure. Sci. 15, 69. 

Narlikar. \’ . V. and Singh. K. P. (1948). On a gravitational invariant. Proc. nat. Inst. 
Sri. India. 14. 121-123. 

Narlikar. V. V. and Prasad, Ayodhya (1948). Canonical coordinates in general relativity. Bull. 
(Udeutta, T}\ath. Soc., 40, 123-128. 

(1949). The Doppler effect in the field of a (hick spherical shell. Proc. Indian Acad. 

Sci., A. 30. 181-183. 

Narlikar. V. V. and Tewari Ramji (1949/0- On Einstein’s generalised theory of gravitation. 
Pror. Nat. Imt. Sci. India 15. 73-79. 

(1949//). On Einstein’s generalized theory of gravitation. II. Ibid., 15, 249-261. 

(1949c), A particular case in Einstein’s generalized thcorv of gravitation. Phys. 

licA'.. (2), 76 . 868-869. 

Narlikar. V. V. and Sing. K. P. (1950). Gravitational fields of spherical symmetry and Weyl’s 
conformal curvature tensor. Phil. May., (7), 41, 152-156. 

Palwardhan. G. K. and Vaidya. P. C. (1943). Relativistic distributions of matter of radial 
symmetry. J. J'niv. Bombay (N.S.), 12, (3). 23-36. 

Racine. C. (1941//). Contriluition to the relativistic problem of n bodies. T. J. Indian math. 
Soc. (N.S.), 5. 156-164.. , . c 

— - ■ (1941//). Contribution to the relativistic problem of a bodies. II. Ibid., 5, 165-178. 
Roy, S. K. (1940). C’ertain inconsistencies in the mathematical theory of a new relativity of 
Dr. Sir Shah Sulaiman. Pror. Nat. Arad. Sri. India. A. 10. 1-13. 

Sulaiman, Shah (1940//). Modification of a relativifv postul.ato. Phit. May., (7). 30, 49-54. 
(1940//). Reply to the preceding paper. (Roy, 1940). Proc. Nat. Acad. Sci. India, 

A. 10. 14-18. . . , 

Shanmugadhasan. S. (1946). On Mathisson’s variational equations in relativistic dynamics. 

Pror. ('amh. phil. Sac., 42, 54-61, . 

Vaidya. P. C. (1943). The internal field of a radiating star in general relativity, t wrr. 

Sci., 12, 183. _ t TTnit* 

(1945). Spherically symmetric lino elements used in general relativity. /. unit. 

Bomb. (N.S.), 14. (3). 4-6. 



THEORY OF SERIES 

U 'written a note on some theorems of Ramanuian (1940). 

Hanclas Bagclu has discussed a class of finite Riemnnnian integrals (1940). B. N. 

Bose has considered certain transformations in generalised hvpergeometnc series 

I strength of the Riesz and Cesaro 

methods (l.MBfl, 1949^). He has also written a note on total regularity of some 

intcpal and sequence transformations (19486). In another paper he has discussed 

the total rclauve strength of the Holder and Cesaro method (19406). K Clumdra- 

(194./, 6, ^ 6j. K. S K. Iyengar has obtained an equivalence theorem 

in a general field of summability (1942). ^ 

A P'lP- written a note on frequency distribution in series (1940). 

A. A. Knshnaswami Ayyangar has discussed the role of unit partial quotients in 
some continued fractions (1<J40). S. Minakshisundaram has developed a new 

“‘*0 ^ on the theory of infinite 

' ™-“"“’0''fi:P of 'f'- K^ijagopal, he has made some investigations 

extender^ T '‘''-■°''<^"\of K. Anaiid Rao (11)40, 1947). In another note they have 

note II of L. J. Mordell (1948). C. Racine has written a 

note on rrullani integrals (1947), 

written a note on the rearrangement of conditionally 
onvergent scries (1941^). In another note he has dealt with Abel's divergence 
test for series of positive terms (1949). He has written a series of papers on 
summability processes (1944. 194Ga, 6, c; 1948//; 1947//, 6, d; 1948c, df 1949). 

BlBLlOGRArHY 

^‘''“‘'376A7a “f Ramanujan. ITor. Ae,„l. Sri., A, 11 , 

BagchUIa.HiaSia940,. Nole of a class of finiU liicmannian integrals. ClcUa 

Cal^uul^Zi '‘yP^^^^omcinc series, fluff. 

rm;ifr,S:, 4 o!‘'i29.1m"‘° "a". rain,». 

Ca/t'llaVtl/i. ,SV.,‘ 40 , ‘“ 1 ^- 162 “*'™ ""J R^Wer mctliods. Buff. 

J. iomf. Inal/i. .Sor!, integral and sequence transformations. 

7 Lmf. mX'io ";m;'* 5 i‘. 59 ' ^‘' vigtl, of the Riesr. and Cesaro methods. 

Chandmsekhap K-^_(19t2uj. of consislcmy for absolutely summahle series. 

M,* 1874%. "“""■‘“''ilRy of series’: fluff. r„/n,/,„ ,SVe., 

= p^:;: mt 

Chaflo^™, Anunoy^,1948,. On a continued fraction of a general type, fluff. C„fe„„„ „,„ff,. 
j flfurf.’, 8 , 7547 '"^'*’ apiToximalion connected with exp. x. 

151-155. ■ ■“ f'cquency distribution in series. :Va//i, ,S7«(/., g. 



40 


PROGRESS OF SCIENCE IN INDIA 


of convergent series. Duf.c math J n STP-^yit; 
ina ^' ' '• (19^1)- A note on tlie theory of infinite series. Mat/i! Stud., 9, 78-81. 

On ’a Tauberia*n theorem of K. Anand 

!iqm!' a Tauberian theorem, /bid., ser. 18. 193-196. 

^V,r (^.‘Sd 242^2^''''" J- Mordell. Pror. Land. math. 

(1940.). On .^transformations of series. />r.e. Pdinb. math. 

-— - (1940/^). of multiple scries. Proc. J,and, math. Sac., (2) 46. 249-269 

Rac ne' r •'”. identity and some deductions. Math. 13. 41-42. 

<aoine, y (1947). On 1 rnllani inlejirals. /. huUan math. Sor. (N,S.) If 9597 

fajagopal.^^ . (1940). On Abel's divergence test for series of 'positive’terms. Math. Stud., 

rearrangement of conditionally convergent series. .-Inn. Math., 

{^) 42. oU4 ol3. 

mJt]f^^Sor ^NS* )^' 5 Hieorems for .soiies of positive terms. J. Indian 

— (1941c), llemark.s on some generalizations of Caucliv’s condensation and integral 
tests. Arncr. Math. Mon., 48. 180-185. ‘ 

■ (1944). The Abel-Dini and allied theorems. Amrr. Math. Mon., 51. 566-570 

(1946«). On the limit of oscillation of a function and its Cesnro means. Proc. 

lufinh. math. Sor., (2). 7. 162-167. 

(1946/0- On converse theorems of summability. Oaz., 30 . 272-276. 

(1946c). A note on the oscillation of Riesz means of any order. J. Land. math. 

^ t O^TC OQrt v' 


-''W.. 21. 275-282. 

(1947a). Some theorems concerning Ricsz’.s first mean. Arad. Srobr Sri. Punfi. /««/. 
.Math. 1 . 11-20. 

()947/»). On Riesz summability an«l .summability by Ilirichlel’s .series. Arner. J. 

Math.. 69. 371-378. * * * 

— ()947c). On Riesz summabilitv and .summability by Dirichlel's .series, .'imer. J. 

Math.. 69. 851-852. 

— (1947</). ( esaro .summability of a class of functions. J. Indian math. Sor. (N.S.)» 

II. 22 27. 

— (1948'0- f^n an absolute constant in the theory of Tauberian series. Pror. Indian 
Arad. Sri., A. 28. 537-544. 

— (1948/>). Some limit theorems. Amrr. J. Math., 70. 157166. 

— - (1948c). A serie.s associated with Dirichlet’s series. .Icta. I^nw Szrgrd. Sect. Sci, 

Math.. II. 201-206. 

(1948^/). On some extension.s of Anaiul.i Rao’.s conyerse of Abel’s theorem. /. Land. 


math. Sor., 23. 38 44. , « - « 

■ ■ (1949). On a Tauberian tlieorein of 0. Ricci. Proc. Edtnh. math. Sor., ( )> 

143-146. 

Sengupla. H. M. (1947). A note on quasi-monotone series. Math. Stud. 15. 19_24. 

(1950). On rearrangements of scries. Pror. .4mrr. math .."or., I, • . 

S. Singh, Daijit (1945). On the .series SS''. Moth. .Stud. 13 . 59^60. /--..inn liuU 

TTpadhyay. K. T>.. and Das Gupta. P. N. (1947). On generalised continued fraction. Hill. 

Colrufla math. .Sor., 39. 65-70. 


Jjimma & KanTimlr Unlrersitv T.lTirarf 
AccettioD N». 


TOPOLOGY 


S B. Krishna Muni (1940j gives a set of a.xioms for topology and proves their 
equivalence to those of Kuratowski under a certain restrfctioif V S Kdshn .n 
( J46) has studied the theory of weak homeomorphism between topological spaces 
and a characterization of completely regular spaces A S N N P Vou. i 

ES r::„rT“ ■ ■“■p'y i; : 

topology of " s^ If’TrT "t" *P‘'*“*- '■'« f‘'‘' Haiisdorlf 

Hrusdf^ir topology cTorjqXatnlTlX,'"^^ 

r g.,t 'iSH ES'iii™ ?“' rf F f 

at the University of Madras (1947). 

J .ye " “"'p'" -"".pic. .1 > 

does not admit llrfteryXre d n e continuum hut which 

topological space which snlir<; inm 1 ^^^'^able subject and of a connected 

when any one point is removed burirLVrL\Xirorl“rl!d" p\"ce.'‘“'‘' 

Bibliography 

Krislin'^'®'*’ ^ of axioms for topological algebra. J. Indian math. Hoc. 

Murti'T s' N'"a949)‘'‘'‘'s'‘‘'' "1'“"“ “"d » characleriaa. 

liamnalhan, A. MaximLlHonF'i ""'V 'd’ 152.158. 

( 1 Ot Oi..t * 


(N.S.), II. 73-80. a - . 

— - (1% T"'' 1'"''" O' 

K, L. ■"■"■" 

Vaidyanatliaswaniy, Jl (1942) On th distance functions Ihid., H 38-43 

i-f. -16 37^3^6" ^ Indian 

— Trai'iTF'rir T'oHog)" ' i')’ ?«■ 51-61. 

Viiaya'lltlmtn, T. ,1947, On 1 n '• 

J. Indian math. sj. (N.S.)rit connected topological spaces. 


0 


PART II : GEODESY 1939-1950 


by lb L. Gui.atee, M.A. (Cantab), F.R.I.C.S., M.I.S. (Ind) 

Director, Geodetic and Training Circle, Survey of India 

Introduction 

Geodesy literally means ‘Division of the Eartli’ (Greek ge the earth ; daio, to 
divide), and in tbe early days used to be regarded as that branch of applied 
mathematics devoted only to the shape and size of the earth and the fixation of 
exact positions of points on it. Tlie operations necessary to achieve this end are: — 

1. Principal triangulation and base measurements. 

2. Measurements of elevations by trigonometrical and spirit levelling 
methods. 

3. Geodetic astronomy i.c., determinations of astronomical latitudes, longi- 
tudes and azimuths. These provide the direction of gravity at a place. 

4. Observations of the force of gravity. 

I’he earth’s surface is very irregular and cannot be expressed by a simple 
mathematical formula. It is neither possible to carry out any geodetic calculations 
on it nor to sj)eak of its dimensions in precise terms. Mean level of open sea is 
much more regular and if carried inland through imaginary frictionlcss channels, 
provides a level surface of the earth, called the geoid. Although this surface is 
much more tractable than the actual earth, it is still too complicated to be deter- 
mined by a single mathematical expression. It is, therefore, usually depicted with 
reference to an Jiblate spheroid, wliose dimensions are called the figure of the 
Earth. This figure is characterized by two elements — a the radius of the equator 
and € the flattening. 

The earlier method of determining the shape and size of the earth was to 
determine astronomically the angular clistance between a number of points and 
also measuring tbe linear distance between them. Newton was the first to show 
from his law of universal attraction that the earth should be an oblate spheroid, 
the flattening being due to its axial rotation. This implies that the length of a 
degree of latitude should increase from the equator to the poles. The c assica 
attempts to test Newton’s view regarding the figure of the earth form ascinating 
reading. Towards the end of seventeenth century geodetic measurements of 
meridian arcs in France revealed that the length of a c^egree of latitude was shorter 
in northern than in sonthern France, which wouhl he the case .f the spheroid 
were prolate. This aroused acute controversy and m IT.T) the French Academy 
of Sciences organized iwo expedition.s-ono to measure a meridian arc in the 
neighhourhood of the erpiator and the other near the pole. 1 he first p,arty finder 
boimucr & de La Condaminc took about 0 years to measure an arc of d near 
Peru and the second under Maupertius measured an arc of 57' in eighteen months 
in Lapland Maupertius measured his base line on a frozen river and later consi- 
derations show that he got an oblate spheroid by sheer good luck as his measure- 
ments were not accurate. In any case, he gave out his results without waiting tor 
the other expedition and received a splendid ovation. The so-called ‘carjh* 
clongators’ were quietened for ever and Maupertius was painted in a splendid 
costume flattening a globe with a superb gesture. 

In the following years, many great arcs were measured to get more knowledge 

on the subject. Mention might be made of the work of the Abbe’ de la Caillc, 

a renowned astronomer who was sent to Africa by the French Academy in J751. 

• « 
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His magnum opus was the measurement of the arc of tlic meridian near Cape 
Town to settle the question whether the southern lialf of the globe had the same 
shape as the northern. He was completely hafllcd by his results which appeared 
to support the hypothesis that the earth was a prolate spheroid. It was not till 
1836 that the puzzle was solved by Sir Thomas Maciear (1866). Astronomer Royal 
at the Cape of Good Hope. One of I..;i Caille’s base stations was near a mountain 
and its deflection vitiated his observed astronomical value. 

In India the figure of the Earth was derived by Evetest (1870) in 182:) from 
arc measurements involving triangulaiion and astronomical determinations. He 
had at his disposal, the data of seven arcs of amplitudes ranging from E:37' to 
15 :a7. Combining them in pairs, he found that the resuiring values of semi- 
major axis and ellipticity of the spheroid varied considerable. Values of e ranged 
from 1/300.8 to l/410.rrand those of a displayed a range of 6 miles. He realized 
correctly that these discrepancies were due to^ilting of the i>lumb-Iinc produced 
bv visible as well as buried topography, which vitiates the astronomical values 
of the terminal latitudci-. He chose the two longest arcs, one in India from 
1 annac to Kalianpur of amplitude 10^ and one in Europe from Formentera to 
Greenwich of amplitude 13“, for his final deduction. The constants so derived 
have been m use from 1830 to the present time in the Survey of India for all 
calculations of survey into which the elements of earth’s figure enter. Everest’s 
igurc of the Earth differs much from that derived from modern data but it has 
not been found practicable yet to abandon it. 

I ^ measuring the force of gravity were first initiated 

in India between 186.7 and 1873 when two Kater’s invariable pendulums made of 
brass with steel knife edges were lent to India by the Royal .Society. Basevi and 
Heaviside (1870; took observations with them at 31 stations, the results created 

loom amongst the leading geodesists of the world (Helmert). 

IW.H)), and presented great difficulties of interpretation. Helmert opined at the 
International Geodetic conference of lOfK) that they were suspect, as certain 
essential corrections were not applied. * * 

After 1874, no pendulum obscrv.itions were taken in India but the plumb-line 
deflections for tbe direction of gravity continued to be observed in difflrcnt parts 
of the country and by lOW, a considerable body of data bad accumulated. It was 
found that tbe bulk of the deflections did not follow the visible topography As 

nostulat 7’ '' 7"’ T' To explain these Riirrard (1001) 

the “h dim 7 :"“ "V line of high density which be called 

the Hiddcm Range extending from nalucbistan ,o Bengal and Orissa 

men Jr^ iateirtlrT d g^phvsical pbeno- 



p^ulum observariorrs have feariired reTillm^^'slii;; Tiri 
iIksc have been supplemented hy the Frost gravimeter.^ 


ia activity. Lately 


anomalies of crustal7c7ii!''7lanys^7tb7l7i7''"^‘'|•’' ' r 
anomalies of density of which tlu‘rr*^mn r i indication of underground 
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difrrihnlinn ‘‘T "f and it was soon realised that the 


tin, I? ^‘■'y "'"'■■‘'"K o" 'he deflection data in India concluded 

In [^0 mlcTdis'”:' " Theory 'of Isostasy by Hutn 

m 880 and discussions on this subject have forced the geodesists into liroader 

fields ewermg geology seismology, volcanology, and oceanography. Tliis has 

paied the way for geodesy to overlap certain branches of geophysics and to assist 

m such important practical operations as prospecting for o'.l and minerals. 

A comparison of the astronomical and geodetic positions of survey points 
gives a powerful tool for investigating the degree of Isostatic compensaiion and 
Its nature. The astronomical observations of latitude and longitude initiated for 
determining the local and general figure of the earth were found useful and neces- 
sary foi testing such hypotheses as Continental drift, Variation of Latitude and 
changes m the earth s crust wrought by earthquakes. Precise re-levelling has been 
utilised to give very useful information alxnit the slow tilting of the earth’s surface, 
i^coclctic observations and reductions have thus come to occupy a prominent 
place in the earth sciences and items such as Maj^nctic and seismic surveys and 
their applications to geophysical prospecting: Latitude variation; Tidal analysis 
and mean sea level can now legitimately be included in geodesy. The problems 
associated with M.S.L. provide a common meeting ground for geologists, geodesists, 
meteorologists and hydrographers. 


Of late years the problem of finding the figure of the earth has assumed a 
much more comprehensive nature than its original formulation. It has been 
realised that the measurement of detached arcs of meridian and parallel can not 
give a representative picture of the earth as a whole. The two modern methods for 
tackling this problem are: (a) Astronomical levelling to delineate the geoid in 
detail. TTiis involves a lot of work, astronomical stations being required at intervals 
of ten to fifteen miles along closely spaced sections on all the continents, (b) Bv 
gravity field. This again requires a net of gravity observations uniformly distributed 
over the entire globe. 


The main advance in geodesy lies in the furtherance of these observations in 
different countries by the use of quicker and more precise instruments. These 
observations arc also indispensable for investigations of the nature of equilibrium 
in the upper layers of the earth. 

A recent development brought about by the impact of World War II is the 
application of Radar to Geodesy and to Survey. The European countries have rnadc 
a considerable progress in late years in developing radar devices each characterized 
by its own code name such as Gee, Oboe, Shoran, Loran, etc. The application of 
these methods to measurement of geodetic distances as also to the determination 
of the geographical positions on the earth in relation to accurately established 
ground stations is of considerable importance. TTic outfit requires is rather 
elaborate and India has made no start yet with this new and important aspect 
of geodesy. 

The study of geodesy in India has been mainly confined to the Survey of 
India. Lately certain contributions have been made by the Oil Companies making 
use of their gravity data. The Universities have only just started to take interest 
in geophysics and some elementary courses in geodesy might get started in the 

near future.. 


II, Trian^ulation and Base-measurement. 

In 1938-30 financial stringency severely restricted the geodetic field pro- 
gramme and no geodetic triangulation was carried out. War broke out in 1939 
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and all geodetic activities remained practically in abeyance till ]947. The 
war, however, helped in achieving certain objectives, wbich'would have presented 
practically insuperable difficulties during peace time. The Survey companies of 


East and to European 
interest to the geodesists. 

Apart from errors of observation, ilie actual discrepancies at the unctions 

or these triangulaiions are due to different apheroids and datums uset bv the 

various countries. B. L. Gulatee (1947^/) has made a full study of ilie data and 

the discrepancies as also of the gaps that need filling in. The gap between the 

tnangulation systems of Malaya and that of N. E. I. on th^ main land of 

bumatra or Java is too wide to be bridged by ordinary triangulation methods. 

A suitable radar technique or parachute flare method will have to be adopted. 

A similar method will also be necessary to connect Australia with Timor and 
other neighbouring islands. 

the iins cxaminctl the precision of 

rion can be hro ThiJ trian^nla- 

aterals an^ hfvir '"“''y "f elongated braced quadri- 

rimgu^^ f “'’ri C’) •'» "f good quality 

1 f ^?sian wlr^ ‘ T'’e discrepancies between 

and M'' in 1 Kalianpuras datum are 4.12'M i,l latitucle 

the maps of India^nd Pelb ar/hlehluLtbnl"^^ 

Geodetic triangulation is required to provide a rigid framework for the 
e° e^ut^ if I'' I-'-’ “ f-nf work 

2(X miles apart (Anon,, 1050). A good deal of it is of secondary mnlhv Th is 
and tbe topographical truangulation based on it, althougb adequate for providing 

to meefThe nfed' ’ of^fr ’'‘"I ■->- q--c iifZt^^ 

development sebemes Tlf cadastral, hydro-electric, irrigation and other 

Survev^nf Tn 1 ' f 1 Tierc arc numerous urgent demands now-a-days on the 

for tfe devefonm nt oZih "p'*-’ t Ka.hilwar arc-a 

control a ireodetlc has Kandla. To provide the requisite planimctric 

triangu'lation fa^ rfohs’J'rf^f 'f* measured in 1040 and the old secondary 

instrtfmenf Lanlace X \ modern 

stations. control of aximuth were made at two 

in 19, M to establish aZew astronomic i dat L Programmed 

execute a series of precise triangulation in the ' ■'md 

observe a new series of geodetic t ianlO Andaman Islands and also to 

West Bengal Boundary. rriangulation for the demarcation of the East- 

in terms of fh'thflengt'hs of Iheir OaOrar ''V-’ "''"'dards of length 

I'rought to India a ten C Zndfd bar A Zf'O ’ 0 

lines were measured I cZeOt ^ifa and this bar, ten prim'ary b\se 

«-eu and 1809 with considerable accuracy. This 
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l)ar was of dcfcttivc design and at the beginning of this century, the Survey of 
India acquired the following modern metric standards of one meter length: — 

I— metre Nickel Bar 

1— metre Fused vSilica Bar 

1— metre Nickel Steel & I -metre Invar Bars. 

Of these, l-melre Nickel bar which was made by Societe' Gcncvoisc d’lnstruments 
de Physit|iie in 1911 is intended to he the fundamental standard and the others 
serve as auxiliaries for check and working purposes. In view of the fact that 
all material bars no matter how carefully handled undergo gradual variations 
with time, it is essential that the working bars should he intercompared fre- 
cpjcntly and that the standard should be compared against European standards 
after some years. The Nickel metre was standardized at the National Physical 
Laboratory. Teddington in 1914. It was sent back to N. P. L. in 1930 for 
re-standardisation and was found to have shortened by 4/10®. This is considcr- 

some unrecorded accident. The bar was 
again standardized at the National Physical Laboratory in 1047 and during the 
period 1931-47 was found to have decreased in length by l/0'4xl0®, which is 
very satisfactory. 


Gulatec nOlO^; has reviewed the disadvantages and confusion resulting from 
a lack of uniformity of length standards all the world over. There is at present 
a considerable diversity in the foot-metre ratio and an inter-comparison of 
national standards of all countries is most desirable. Steps to this effect arc being 
taken by the International Union of Geodesy and Geophysics and it is proposed 
to establish one or more International base-lines in each continent . 


In geodetic work, a ‘Laplace station’ connotes a point where both longitude 
and azinujth have been observed astronomically. Laplace stations are necessary 
in any primary triangulation to control the error accumulated in geodetic azimuth. 
In the Indian geodetic triangulation. 72 Laplace stations have been observed in 
all. Hunter (1947) has considered their value in controlling the azimuth of a 
precise traverse. 


During the war. certain projections were introduced for the use of the military. 
The normal spherical computation of triangulation is difficult and is a specialist's 
job. These projections were so designed that the military could work their ranges 
and bearings in rectangular terms, as if the earth were flat and apply certain 
corrections for deformations in scale & hearing. The Lambert Orthomorphic 
conical projection was employed in several theatres of war, but great difficulty 
was experienced in finding a suitable formula for angular corrections on this 
projection. Gulatec (1040/;) has derived a formula involving spherical coordinates 
and has discussed why the deformations due to this projection cannot be expressed 
in terms of rectangular coordinates by straightforward direct formulae. He has 
pointed out the superiority of the Dccumanal Mercator & Transverse Mercator 
Projections over the Lambert Orthmorphic in this respect. 

III. Spirit-Levelled and Trigonometrical Heights. 

The first levels in India were started as early as 1858 and a skeleton precision 
net of a linear extent of 18090 miles was completed and simultaneously adjusted 
by the method of least squares in 1909 (Anon., l9l0). This forms the funda- 
mental framework for the whole country and the tertiary levelling which rests on 
it via the intermediary of the secondary levelling provides the bulk of the data 
for preparing accurate large scale maps. These enable the engineers to proceed 
with their projects and planning operations. 

Improvements in technique and knowledge led the International Geodetic 
Conference in 1912 to sponsor a new category of levelling called the ‘Levelling 
of High Precision’. India made a start with it in 1914 and out of an estimated 
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total of 15,800 miles for the length of the new High Precision Level net, only 
10,023 miles had been carried out by 1038. During the two held seasons 1030-41, 
706 miles of high precision levelling in one direction equivalent to 353 miles of 
completed levelling was carried out. No work was carried out from 1041 to 
1946. From 1946 to 10.50, about 1400 miles of levelling were added, bringing the 
completed total to 11781 miles. 

An important achievement has been the connection of the Indo-Burma 
levelling to that of Siamese levelling by No. 2 Indian held Survey Company in 
December 1946. The discrepancy at the junction between the two systems of 
levelling is 1.567 feet. The Burma levelling is based on the Amherst Tidal 
Observatory as datum and the datum of the Siamese levelling is the Tiday 
Observatory at Koh Hlak. A direct connection bv levelling of the two datum 
is desirable. 


In general, the secondary and tertiary levelling are done by the Survey of 
India for extra departmental agencies as paid for work. The progress of levelling 
in India has been slow as the country was comparatively undeveloped. The 
situation has altered considerably now and levels are greatly in demand on 
account of important developments in the country. As a long term policy the 
objective should be to cover the whole country with a net-work of level lines, 
so that there is no place which is more than say 20 miles from a stable levelling 
bench-mark. Gulatee (I949rt) has made a case for acceleration of levelling pro- 
gramme, calling for active cooperation of the local governments, P.W.D.. Kailwav 
and other outside agencies. 

Due to the sparsencss of spirit levelling, the bulk of the height control in 
India, IS provided by trigonometrical heiglus obtained by the observations of 
vertical angles. These are not so precise on account of the uncertainty introduced 
)y terrestrial refraction. In particular in the plains, where grazing rays arc 
inevitable, spirit levelled connections have revealed errors of as much as 31 feet 
in these heights. Chart VI, Chapter I of Survey of India Technical Report 1048- 
49, Pait III shows the estimated maximum discrepancy between trigonometrical 
and spirit levelled heights of stations of geodetic triangulation. It would he seen 

that there are vast areas in which triangulated heights are estimated to be in 
error by more than 10 feet. 


An extreme ease is the determination of altitudes of distant hiRh peaks fixed 

^-ffect can anm^nt'to sev^nd 
hundreds of feet and us estimation can be in error by as much as 25% Mount 

n of its atlopted height of 

29tK)2 feet is not generally understood and <|uite a number of other heights have 

been quoted for .t and have been put on the maps which nrakes for e.Infusir 

In a paper on the subject, Gulatee (I!).', (to) has explained the outstanding diffi' 

" rmSn " f 'iX h ‘‘---ination of ^heir X'^h; 

IS a problem of higher geodesy involving a knowledge of advanced iheorv^of 

refraction, plumb line deflections, gravity, geoids, datums of reference and so^on 

Observations to Mount Lverest were made in 1849-50 and judged by modern 

standards, both the observations and computations were faiiliv* Th' i i 

figure of 29„02 feet m.ay be in error by as'muchX 1..0 fc^ iX it i^ nm C 

inX observational data is far too incomplete and 

many doubtful factors enter into it. A scheme is outlined in this paper for fresh 

comr'omsy' "" systematic lines, which will put an e.td to the 

levcJnr\t"car4"ii7 the"cha7"" P-tical problems associated with 
slow upwarping or downwarping of the ernsr^ regions where 
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near the Rann of Kuten and the alluvial areas of south Bengal are sinking. In 
articular the stability of Calcutta has, since some time past, been the subject 

it ‘B'cstion has been examined in the light of available tidal 

anti levelling data (Gtilatee, 1048-49 < 7 ). The results indicate that apart from 
local sink.agcs at places, there is no conclusive evidence of a general downwarping 

of the crust m .South Bengal. The city of Calcutta and the region round it 
Appear to have remained more or less stable. 

1 he Siwalik range is of recent origin and is believed to be rising. A line of 
precision levelling from Roorkec to Hardwar originally levelled in 1908 was 
rele\elled in 194R It passes through the gap in the Siwalik range carved by 
the river Ganges. The results indicate an upwarping of the Siwalik axis at the 
rate of about I inch in 40 years. (Gulatee, 1948-4%). 


IV Devialion of the Vertical 


Ihe study of deflections in India on some sort of a systematic basis was 
started by Ihirrard (liM)i) m the beginning of this century. In those days the 
data was spiirse and the plumb line deflections were plotted and shown vectorially 
by arrows. Certain important characteristics about their distribution were noticed 
such as their being deflected away from the Himalayas in central India and 
pointing towards a hidden line of apparently excess density in the plains. As 
more and more data accumulated, it was considered that to make a detailed 
study of the hidden mass anomalies in the earth’s crust it was much more con- 
veint to draw contours of the geoid with respect to a chosen reference spheroid 
by integrating die plumb line deflections along meridians and parallels. This 
geoid IS an equipotential surface of the earth’s gravitational and rotational field 
and coincides generally with the mean sea level in ihc open ocean. Incident- 
ally, this surface also provides a powerful tool for the determination of the earth’s 
figure. An excellent attempt in this respect is that of Hayford, He derived the 
I4imensions of the best fitting spheroid to the compensated geoid in U.S.A. 
(Hayford, 1909) and this figure was accepted by the International Union of 
Geodesy and Geophysics in 192.5 as the International Sphreoid. 


In India, the total number of stations at which the deviation of the vertical 
has been observed up to the year IfloO is 1210, The results arc printed in the 
Survey of India annual Geodetic and Technical Reports. Charts. XXII & XXIII 
of Technical Report, Part III, 19ofl show the Geoid and the Compensated geoid 
with respect to the International spheroid. These charts have been drawn by 
utilizing the above mentioned deflection stations, the majority of w'hich arc sited 
at an average distance of about 1/5 miles on two main lines— one running cast 
to west from Burma to Persian Border and the other from north to south through 
Cape Comorin. 

The geoid in India presents some very remarkable features. One of its most 
salient characteristics is, that its undulations are independent of the major 
visible features, indicating that there arc equally important hidden features at 
work. The 'Hidden Range’ traversing the extent of Central India postulated 
by Burrard is confirmed and brought vividly to the eye. Another very disturbed 
region is that of South Burma and Malaya. While the geoid in peninsular India 
displays humps of the order of 40 feet or so above the International spheroid, 
its rise from Mandalay to Victoria Point is 110 feet in a distance of about lOfK) 
miles which is phenomenal and without parallel anywhere else in the world. 
Even the extensive Hidden Range pales into insignificance as compared to it. 
Observations of plumb-line deflections in Siam, Malaya and Dutch East Indies 
arc very desirable to sec if the high rise continues in these areas. 

From Chart XXIV, Survey of India Technical Report 19/50, Part III it would 
be seen that the main geoidal framework in India is pretty well braced up except 
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in the north, where observation of the section Jalpaiguri-Pota-Meerut along iJie 
North -East Longitudinal series is indicated. Some turther stations in liurma 

along Mandalay to Dibrugarh or on Manipur road are desirable to extend the 
geoid into unexplored regions. 

For different studies, the geoid has to he modified in certain respects. The 
definitions of the various geoicis in use in India and the data on which they arc- 
based is given in Survey of India Geodetic Report (Gulatee, l'.)48-40 c). '1 he 
gcoidal charts in India have provided a broad framework for tlic study of deep 
seated curiosities in the earth s crust well below the limit of geopiiysical pros- 
pecting. The next step is to narrow down this framework by putting in more 
deflection stations to gain further detailed knowledge of superficial ellects. 

V. Intensity of Gravity. 

A programme of pendulum observations in India had been started in the 
beginning of this century and by the end of 1939, a total of 504 stations were 
observed, distributed more or less uniformly all over India and Burma. Gra\ity 
anomalies have been derived from these observations (see Charts VI and VII, 
Geodetic Report, 1940) and have confirmed to a large extent the conclusions 
derived from geoids. Their intensive study has revealed considerable areas in 
India where isostasy is not fulfilled. There is first tiie so-called 'Hidden Range’, 
a subterranean chain of rocks crossing penisular India from Baluchistan to 
Bengal.^ Associated with the Hidden Range are the Himalayas and the Indo- 
Gangetic trough both presumably owing their origin to the same tectonic cause. 
Gravity data indicate, that the Gangetic plain is an area of underload, deficiency 
there being equivalent to a skin density of -500 to -2000 feel of normal rock 
condensed on to sea level surface. 

Just as the deflections m India are independent of topography so arc the 
gravity anomalies independent of local geology in several mipo/iant regions 
As examples might be mentioned the negative anomalies over the high density 

|i^Wular'‘lndi‘r extensive positive belt of the Hidden^ Range in 

Gravity observations on oceans arc no less important than on land but are 
nuch more troublesome as the pendulums have to be swung in a submerired 

Gr-iv'i"fv'”'l shaking and accurate position finding is more difficult 

Gravity observations m the waters of Dutch East Indies by V. Meineriio' 3 H- i 

have brought to light features of unique importance. In this com ec ion t1m 

pronounced negative anomaly zone in the Indo-Gangetic sedimenmrv arera’t e 

links up with the iinr nf Nicobar and Andaman Islands and then 

tion d Lg live trough thkl^ rro'^ r^'i '>'-' e men- 

in these regions will be predominantly positive anomalies 

.....I, ,1.. 
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cxp.insion of the c;irtli s crust from depths below. In this w.iy the surface 
features get underlain by masses of deficient density. Airy (18ooy propounded 
a rival liypotbesis that mountains and plateaus have roots below them 
penetiating into the denser substratum, the whole block floating in hydrostatic 
eijLiilibrium. Considerable amount of work lias been done in reducing the 
observed gravity values on both these systems to see which eives a better accord 
with facts. 

Seismological evidence in recent years, has, however shown that the normal 
structure of tlie earth's crust is by no means iiomogenous. but consists of three 
layers possessing diflerent properties. '1 he interfaces of these layers are about 
10 k.m. and dO k.m. below sea-level, the discontinuity of density at these layers 
being about 0.2 and O.a gm/cin^ respcctiwly. Modern concept of compensation 
is (piite ditlereiu and takes the form of elevation or depression of the bases of 
the sedimentary, granitic and basaltic layers above or below their normal levels. 

Much research has been carried out by the Survey of Indi.i on a (jualiiative 
basis to bring out a relation between gravity anomalies and crustal structure 
lines. Glennie (10)12) has put forward the crustal warp theory to explain the 
tectonic features of India. Negative anomalies are assumed to l)e one to a 
downwarp and positive ones to an upwarj) in the normal arrangement of the 
three layers compirising the earth’s crust. A (juaiititative delineation of the 
warj)s at the interfaces is, however, not capable of a unicpie solution, is rather 
laborious and is a task for the future. 

Glennie has also suggested that under the (kmgetic Plain is the southern 
margin of the great geo-syncline wliich formed the liasis of the Tethys. The 
formation of this geo-synchne involves a deep-sealed down-warjiing of the earth's 
crust and the lliclden Hange marks the line along wiiich the balancing uprise 
look place. 

Gbserved values of gravity ajipertain to dilFcrent level surfaces of the earth 
and before any use can he made of them, they have to be reduced to the same 
surface usually the geoid. In this process, uncertainties arc introduced due to 
various causes and considerable experience is retjuireil for the choice of reduc- 
tion to !)e used for a particular purpose. With the advent of gravimeters, very 
precise gravity material is accumulating fast and it is imperative that for prob- 
lems recpiiring global gravity data, the reduction methods employed by various 
countries should be on a uniform system. Considerable attention lias been given 
lately to ensure this. In India, II. |. Couchman (lOlo) produced tables for 
isostatic reduction on Ilayfctrd’s hypothesis. He, however, adojited dilTerent 
values for the radii of inner zones to those chosen by Ilaford, Also slightly 
different assumptions were made as regards the number of conijiartmeiits in the 
various zones, the depth of compensation and the gravitation constant, d'hc 
pendulum stations in India have been reduced with the help of these tallies, but 
their non-conformity to Hayford reduction table have produced an unnecessary 
complication. Investigation (Gulatee. 11)10 />) has shown that due to this, the 
results are liable to an error of 3 mgals. In particular, the effect of outer zones 
1-0 is hurdened with a systematic error of i mgal, as ilie fieigiit estimations were 
made from very sketchy "atlases. Corrective action has heen taken in this respect 
to ensure uniformity with the reductions of.other countries. 

The Hayford gravity anomalies are computed on the assumption that the 
crustal rocks have a density of 2.()7 and can only he regarded as preliminary due 
to the fact that vast areas in India arc covered l>y light alluvium and hy dense 
traps where the above density value docs not hold. Geodesists had not paid 
much heed to local geology as in the vast areas that they deal with, things get 
averaged out. Evans and Compton (1940) have pointed out some of the conse- 
quences arising from lack of collaboration between geodesists and geologists in 
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hr'fnr? nf'' tlic rcsults at 000(1 ^ravitv stations cstaltlislic.l 

Bu™a th Oi' Company in Eastern Bengal, Shan Platean and 

Burma. Fot the interpretation of their results they aiiplied the corrections for 

ocal geology upto a depth of above 8 miles. It teas found that at smne places 

rectior"'’whil "T considerahlv by the application of geological cor- 

diCL correction upto sea level can he made without much 

bnhrf l’ for density belotv that surface necessarily involves many 

uhtful assnmptions and much geological information has to he collected to gc't 

do h“m^ consitleralde 

nepm and to assess tlie effects of compaction there. 

f-nl !" '•"1’'^''' "" hO'i'ity anomalies and the figure of the earth 

ulatee (1,)40) has considered the fundamental problems of higher gravity. He 

iscussed the various theories of compensation and their applicahiliiy' to the 

determination of the disturbing masses in the earths interior" None of diese 

)r7‘i(i? f can claim to be true in any absolute sense, but they 

tiKirof reference system from which to reckon the tiepartures. A 

natme froi l’“'■'ic.llar reveals that the departures in 

dm various s;Zm "" '-'"een 

gravity anomalies for the determination of the flattenine of the 

O i rcdlrcnc: 's’T'’'^"', f f- 1'- e'-lce 

reference spheroid for geodetic work arc also discussed in this paper 

The determination of local humps of geoid over a reference snheroiil 

nadomd ''r "f <''er the globe. This is a matter fol inter- 



,rs ,':rE 

STEjj;;, "E;;,“"zr“i 'i:S 9'= 

d^gir 17:!;;':;" cii^rrihut'dr;! o;; 

of cu.nhersome nature and a density 

of iniio was about the limit of economl^;*'^'^ l"'';* i* '‘c'’‘C'''ed by tbe end 

d-ey were initiated, the S idea 7, to^h’tah " ’ f '^hen 

conclusions drawn from nliimh lino ihf] rt* ‘^^nfirmatory evidence of certain 

I^avc served this pur^osc!^ admiral^y;'^^^ they 

the mludo'; of "lelcfal "inumrmm';;!.'’:'; " '"'l'"’ 

ft was considered tlfat a 

VO mile grid of pendulum stations would be usefu rfor"tKr 
would also give clues as to curiosities wiibln H , fi . ^ o'’*-' Problems and 

crust for intensive stiidv. This was •mnmiv* i t rif the earth’s 

Committee set up by the Govern men r if I r Geophysical Planning 
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have to l)c employed. Consequently a Frost Gravimeter was obtained in 1947 
and is now in operation (Anon. 1947). This is a far more precise instrument 
than tile pendulum apparatus, readings being possible to 0.01 mgals and a repeat 
accuracy of 0.1 mgal being comparatively easy. 

In the season 1018-49, observations have been made at 101 new stations 
with the Frost Gravimeter in the Haniganj coalfields area and in the Nagpur 
area. The work in Nagpur area is still in progress. 


Gulatcc (1948-19, |9,50rt) has analysed the results in the Raniganj coalfields 
.iiea .ind some interesting features arc brought to light. Gravity anomalies at 
the observed stations have been computed on seven different hypotheses. While 
the present spacing of stations cannot locate anything like the actual coal seams, 
it can help in structural investigations such as delineating the extension of the 
Haniganj C.oal hearing scries under the alluvium and in pointing out areas for 
more intensive study. 

'hhirty-six ol(I pendulum stations were also rc-ohserved in the same field 
season, and useful information gained aliout the precision of older work. 

The national base station for gravity in India is Debra Dun. No absolute 
determination were made here, but a connection with various European stations 
siich as Kew. Potsdam. Genoa, etc., has been effected several limes since 1904 
with the help of comparative pendulum observations. These connections have 
been rather unsatisfactory as the various values displayed a range of as much as 
2.5 mgals. Flic values of gravity at the reference stations of some other countries 
were also not well determined and in 1948 G. P. Woollard of the Oceanographic 
Institution, Woods Hole. Massachusets carried out a world girdling tour on a 
special military plane to effect this with a special long range geodetic gravimeter. 
In India, he wa.s able to observe at Calcutta, Gaya. Allahabad, Kanpur and five 
stations in Delhi. Fhc connection from Delhi to Debra Dun was established with 
the Frost Gravimeter. The final value at Debra Dun (Gulatcc. 1048-49, 19,50 fr) 
obtained by W^oollard and Gulatcc from W^^shington via Delhi is 970.063 Cm/ 
Sec^ ^ 


VI. Gcol?hysical Prospecting. 

Although, strictly speaking. Geophysical Prospecting is not a branch of 
Geodesy, it is an allied subject and geodetic data can be of consicicrahic help. 
A brief reference only will he made to some of the work carried out during the 
[leriod under report. 

The manganese deposits in India especially in the Central Provinces have 
always played an important role in the supply of ore to foreign steel producing 
countries. These ore-beds arc blanketed over by alluvium in many places, and 
during World War II an investigation was carried out by Gulatcc (1947 h) to 
study the applicability of geophysical methods of prospecting to the systematic 
location of these hidden bodies. A site was selected in the alluvial area of Par- 
soda in Nagpur district, in which the ore occurs in reef as well as in boulder 
form. The boulders arc embedded in shallow alluvium and arc scattered all 
over the area: the reef is more compact but on account of having been subjected 
to considerable folding, its thickness and width keep on changing all the time. 
From the point of view of testing the geophysical methods, the site selected was 
not ideal as the area contained rich boulders which contaminated the measured 
values. But the main consideration was that a company was opening up the area 
and it would be possible to verify the geophysical indications. A gravity method 
was utilized in the first instance as manganese has a distinctly higher density 
than its surrounding rocks. The instrument actually used was the Gradiometcr 
which is a modification of the Torsion balance and measures only the horizontal 
gradients of gravity. Six traverses were run perpendicular to the conjectured 
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direction of the reef with stations about 40 feet apart, and the reef was clearly 
located, maximum gradient being 114 E. It was not realized til! the party 
returned to headquarters and some samples were tested that the ore body in 
this arca^ contained some minerals which are magnetic. Subsequently in 1947 
the area was covered by two Watts Vertical Force Variometer and very clear 
indications of the reef were obtained, the maximum anomaly being 330''. It 
was clearly established that both magnetic and gravimetric methods arc suited 
to the problem and the reef could be fairly accurately delincaicd. 

Rarnachandra Rao (1947) has carried out earth rcsisti\'ity sur\evs in tlic 
Godavari river basin in connection with the Ramapadsagar project and^ liad also 
presented a review of the verification of the electrical imiications i)v drillin'- in 
a number of cases. He (Rarnachandra Rao, 1940/ has also given an accouiu of 
recent advances in the design of special geophysical instruments and has pointed 
out the desirability of using them for geophysical exploration in India. 

Gulatce (1947 c) has given an account of Geophysical work in India and has 
also indicated in broad outline some fruitful lines for further research. 

Dessau (1947) has given a history of past geophysical work in India and has 

^nphasizcd the necessity for a full appreciation of the limitation of Exploration 
Geophysics. * 

the ■’’r'’ "■«'< "f tl’c geophysical section of 

me Geological Survey of India from 1945-48. ' 

VII. Terrestrial 7nagnctism. 

The magnetic survey of a country is usually undertaken l,y a Reodetic orea- 

geodesy The following account is confined only lo ihe magnetic activities of 
the Geodetic Branch of the Survey of India. aciuiucs ot 

The objects of a magnetic survey arc 

(h) The determination of magnetic variation which is of practical utility 
to cartographers, geologists, mining engineers and the army. ^ 

TI i “"derground structure. 

The immediate ob)cctivcs in a magnetic survey arc * — 

n.rr nf r? magnitude & direction of the magnetic force in all 

appropriate chart!. 

apart from their own scientiric''use arThidis^en^ablJ hn thT fulfilment of"’ 

(to al^e ' llaitm :hs:^S:T S, 

liase stations. Ohservations with abLlu’te instrVmeL t clechnmhm ‘‘chn & 
so distributed as to give a demsity of fout’ficddtta Inn?' “"‘l 

ar, the survey was brought up-to-date to the epoch 1920 by observations 
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Ft w.nilcl he serviceable to put on record here the later developments At 
the close of the general magnetic survey, Barrackpur observatory^ was closed 

r,ti:n and"r <>'--ntories i^ iominuTus 

operation ai d to observe the repeat stations at Tj-ycarly intervals This would 

cnsiiie reliable picture of secular variation pattern being obtained and would 

cn.ib e the survey to be brought iipto date at any later time with observations 
at a limited nimiher of field stations only. ooscrvations 

Financial stringency in 1923 led to the abolition of the magnetic party 
, nd the closing down of Toiingoo and Kodaikanal Observatories. ^Thc Dthra 

during’die^ninf P”/ out of commission in 1943 as it was flooded 

years t, keen 1 rick '‘l"' 

nKJiud on <KC()tint oi kick of finance. ^ 

ly rul nee'Tl<Hr "f oiagnetic knowledge is explained 

A Gtilatee (l.Mfxr) m a paper in which he strcs.scs the importance of reopenin- 

Be ir sror"’'’"rV ".’.■'’S"''"' obscrvatorTcs in India and declaring the 80 magneti? 
by sir or, ■''* '<> K'-artl against their encroachment 

The Geophysical Planning Committee in 1949 has recommended strongly to 

1 C goternment that the magnetic observatory at Debra Dun should be rc-csPib- 

Mslicd as the loss of continuity in magnetic data means a serious loss to science. 

kinanci.il stringency has .so far stood in the way. The Kodaikanal Observatory 

which was closed in 192,1 has been restarted in 1949 and Alibag observatory is 
running uninterrupted. ^ 

9*^ oiitlireak of World War II. demand for data of greater accuracy 
especially for maps for militarv purposes greatly increased. Observations at all 
repeat stations were carried out in tlie years 1013-45. A lot of extra-departmental 
information as regards magnetic declinations was collected and compiled for 
prcpeying the latest isogonic charts for the use of the military. In 1046, a chart 
showing isogonals for epoch 1046 was compiled for the area hounded by latitudes 
OrrN and 6(rs and longitudes 4(t'’E and KS^E. (Anon.. 1047). 

The two modern theories on magnetism which have been a subject of consider- 
able discussion lately are the "Core Theory” and Blackett’s “Bulk Theory”. It 
can be shown that the former theory implies that both H and V (the horizontal 
and vertical forces of the earth’s magnetism) should increase with depth, while 
according to Blackett’s Theory, V should increase with depth but H should 
decrease. A measurement of the magnetic elements in a deep mine at dilTereni 
levels should thus provide a crucial test between the two theories. Gulatcc 
(194ft-40r/) look observations at six different levels upto a depth of 8700 feet in 
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the Kolar gold fields in 1948. Both H and V were found to increase with depth 
but the amount of increase in the case of V was much more than that indicated 
by theory. It was suspected that the anomafous vertical gradient in V was due 
to the high magnetic susceptibility of the country rocks. To confirm this, a 
surface magnetic survey covering the entire mining area -of the Kolar Gold Fields 
was undertaken. It was found that the magnetic field in this area was very 
irregular, and the conclusion was arrived at that the values of H & V in Kolar 
Gold Field mines arc not representative of the radiation with depth of the main 
field of the earth. 

It has been known for some time that the diurnal variations of the horizontal 
force of the earth's magnetism arc enhanced In the areas between the magnetic 
and geographic equators. At the Oslo session of the International Union of 
Geodesy and Geophysics in 1048, the International Association of Terrestrial 
Magnetism and Electricity convened a committee to promote such observations. 
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The committee put forth the scheme that observations of the range of the dailv 
variation of H should be carried out at a scries of stations about 150 Km apart 
lying in a north-south line outside and between the geographic and magnetic 
equators. The proposal for the observations in India was considered at a meeting 
ot the Central Board of Geophysics and the work was entrusted to the Geodetic 
Branch of the Survey of India. Four stations were selected in south India and one 
in Ceylon and special observations were taken in with three Quartz 

Horizontal Magnetometers specially lent for the purpose by the International 
Association of Icrrestrial Magnetism. Some important results were obtained and 
are discussed by Gulaiee (lUoOt). It was found that, as expected the ranges of 
diurnal variation of H are maximum at Kodaikanal and Tinnevelly, which are 
nearer the magnetic equator than at other stations observed at. 

Prediction of Tides 

Tide-gauge operations in India were originally commenced in 1873 with a 
vttwv to settle the controversy which was raging in the press at that lime that the 
Kathiawar coast and the land near the Kann of Kutch were in a state of gradual 
subsidence. Soon after, the British Association for the Advancement of Science 
initiated a system of tidal investigations in the United Kingdom and in confor- 
mity with It. the Indian Government decided to instal a number of tide-gauges 
all along the Indian Coast. Starting from the year 187-1. automatic tide-gauges 
(INewimms type) have worked at -12 ports for various periods (normallv about five 
year). Lxcept for a few major ports, the work at all the remaining ports was 
stopped before the end of the last century. ^ 

Tidal observations are required for the following purposes: — 

(i) lo provide harmonic constants for predictions of tides 

( II ) lo provide a datum for the national level net 

( III ) To cniible precise values of MSL to be determined and to correlate 
them with meteorological factors. 

(iv) Po provide data for deciphering vertical movements of land 
'' the Sd cqnipotential surface called 

>''0 Survey of India in 

total of (17 ports of which 38 ports Iviiur These tide tables contain a 

by the Survly of India and ^h^r^mS 

the Hydrographic Dejiartments of loreign counties'' In td 

pamplilets are published for Bonilnv thoHm^ l n- * ‘‘tj^btion, separate tidal 

Huring the World War I ^ *<‘vers. 

Miich the heiglu of the ualer c'm ^rom 

number of jiorts in the Far Eastern waters for tn - pft-pJU'ed for quite a 

tions were supjilied exclusively to the Eastern FleerTsj!'^- l These predic- 

based on harmonic data of only four main tid'd Heaclqiiarters and were 

>1™- zrss °- 

[•liter require special metbutls involving 'eonskCr ", Inrof sh"n 

«> allow for distortion prod:!^';^^.:L:!::;|lj” 
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of the Hooghly River ports namely Calcutta, Diamond Harbour and Saugor, 
recjuircs special meiuion. From a recent levelling (1949) along the river banks 
It lias ajipeared that the tidal bench-marks of reference had all undergone consider- 
able changes in their accepted heights due either to subsidence or to local faulty 

levelling llic gauges have now been adjusted properly and fresh analysis is in 
progress for these ports. ^ 

Ihe dismantling of the majority of the tide-gauge observatories in India was 

uidortiinate riieir important scientific objective (so valuable to the geologists and 

otiiers; of delmeatmg the relative movements of land and sea appears to have 

been lost siglit of. It a large number of the observatories had been working up to 

t le present moment, valuable material would have accrued for investigating the 

coastal stability of India. Gulalec (1948; has discussed the necessity for installing 

more tide-gauges in India for cpiantiiative analysis and research on some important 
prohlems. ^ 

In puisuancc of this, he sponsored the following resolution at the Oslo meeting 

(1948) of the International Union of Geodesy and Geophysics which was un- 
animously adopted: 

1 lie International Union of Geodesy and Geophysics considers that to 
provide data lor a satisfactory study of M.S.L. and its variations on the 
liido-hurma-Malaya-Siamese waters and also for detailed studies of many 
other geophysical problems such as the secular subsidence or elevation of 
land, tile present number of active tide-gauge stations on the Indo- 
liurma coast is far from adequate, and strongly recommends to the 
Governments concerned the establishment of a number of additional 
permanent tide-gauge observatories on their coasts as soon as practicable.” 
Action is in hand to procure the necessary tide-gauges for the purpose. One 
gauge has already been installed at Kandia and a proposal is under way to put 
three or four gauges at dilTereiit points along the Kandia coast to study the nature 
of the tides in this regions which pass through a complex network ot creeks. In 
addition, it is hoped to. establish tide gauges at the following ports: Navanar, 
Keraval, Karwar, Ratnagiri, lieypore, Cochin, Minicoy, Tuticorin, Negapatam, 
Short Island, Port Blair. 

Tide-gauges arc already in operation at Karachi, Bombay and Calcutta. 

Various scientific bodies, notably the International Association of Physical 
Oceanography, and other interested in the study of the mean sea level and its 
fluctuations have been asking the Survey of India for monthly and annual valuCvS 
of the M.S.L. at Indian ports, as obtained from systematic tidal observations for 
quantitative analysis and research on various problems. These have now been 
published upto the year 1948. (Anon., 1948-49). 
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Progress is the activity of today and the assurance of tomorrow.* 

— Emerson. 
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1 . Introduction 

1.1 In this article I begin at the beginning of Statistics in India and briefly 
survey the developments upto 1938 and proceed to review, in greater detail, its 
rogress from 1939 to 1950. Statistics in the sense of state-craft existed in a 
ighly developed form in ancient India as revealed in the comprehensive compila- 
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tions of administrative statistics in Kautilya's Arthasastra (300 B.C.t and Ain-i- 
Akbari (1590 A.D.). With the growing complexities in the political and socio- 
economic structure of the country such comprehensive compilations became more 
and more difficult and the accuracy of the collected information could not be 
ensured with the result that the official statistics of the recent past liave come to 
exist only as topics for some literary criticism. This was because the older methods 
01 collection were completely unsuited to the changed conditions and statistics as 
a scientific method of collecting data and extracting information was yet to be 

. Irt* 1 1 r’* ' ^ /—I 1 « p . ' ^ ' on scientific foundations 

were laid by firancis Gabon. Karl Pearson and W'. F. R. Weldon towards the end 

ol the last century and by R. A. Fisher in the early twenties of this century. They 

tried to supply a method, based on the concept of probability, by which one can 

generalize from the particular, or infer something about a whole population from 
sample data. ^ ‘ 

1.2 For an effective use of these fundamental methods which take into account 
only the variability of measurements in a population it was necessary to study the 
nature of errors that arise m the method of measurement itself, the instruments and 
he human agency involved. An early recognition of this feature of inference is 
due to Mahalanobis (1923) who studied the “disturbing effect of measurement 
errors (see \\ old. 1938. p 206) in the analysis of meteorological data of the upper 

rnmrnlhn"* I '"""’ fl^'v^dopcd an interesting method (detailed in section 3) of 
controlling the errors of measurement and ascertaining their magnitude which is 

oma.mes of a h.gher order thar, the variability between the individnals of a Sru- 

an The! ! development in the collection of statistics 

and their interpretation, speciaHy under the peculiar conditions existing in India, 

the early work of Mahalanobis in the field of meteorology won for him 

Government departments who sought his advice on two ma o 

a^t sTeal Grissa. On the basis^of 

eml '^nl, ‘n'estigations it was shown that the proposed schemes of raising the 
embankments at a cost of 3 crores and 40 lakhs of rupees in the two pro 4ce" 
would not be effective in controlling the Hoods. Government thus saved money bv 

Mde eJuany"asrt‘;aining’groun7forT'^ educational 

centre ‘of postgra“riS n he Zs T ^">:i*'icians. and as a 

matical thl-ory of statistics an I ai-reaching branches of the mathe- 

learned society bringing together all 'ZiooK T '*• ‘"®dtute and 

agency employed by depXents of r ‘ 'bought in ndian Statistics: as an 

essential w'orkZf /olSZ scrutinizfne anZ' I' ‘'“ '"“7 ''ac 

administrative decisions mifst depend The arh' '.e facts upon which 

the many able men nee<red to ?, iZ , 1 . achievement of co-operation among 

of an applied mathematician. Prof P C 

Journal of ’smtZciZlr pubLhed’'^^^^^^^^^ edho"h‘''“'f Indian 

and, to-day, i, is regarded as one of tl ^ tL 1 r,l Z- G. Mahalanobis, 
tjnoting from the editorial of the firs volume in 'ToZ * “sties. It is worth 

‘eature of this journal and the various objectlvZwS irrnZtZ even'oZy^. 


uc 
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‘ A rcscarcli journal serves that narrow Ijordcrland which separates the known 
horn the unknown, and it is not always possible to see clearly the lines of future 
tlcvc opments. We shall, therefore, invite papers of all kinds, appraising them only 
on the basis of observational acturaev and logical reasoning. We shall publish 
carefully collected statistical materials irrespective of the subject even if they have 
not received any analytic treatment. We shall pay special attention to develop- 
ments of the mathematical theory of statistics, and include abstracts and expositions 
of important papers published clsei\here. W'o shall try to help statistical researches 
on co-operative lines by brining workers in clifTerent parts in India in contact, and 
by providing a medium for exchange of ideas. Bibliographies of Indian Statistical 
publications, numerical tables tending to reduce the labour of computation, book 
leviews. and notes and comnx-nts on current topics arc some of the ways in which 
we shall try to make Sankhva useful to statistical workers in India. Knowing that 
oui lesources are small we shall seek guidance and help from other countries, and 
we shall, welcome and thankfully receive papers from abroad. 

The study of modern statistical methods is in its infancy in our country, 

■ md we do nor expect to be able to achieve immediate results. We shall he satisfied 
if we can help by our humble efforts to lav the foundations for future work”. 

1.0 llie Indian Statistical Institute was for a long time, the only training 
centre for advanced students as well as officers on deputation. Mysore University, 
at the suggestion of its then Vice-Chancellor Brojendranath Seal, instituted a mixed 
cfuirse in Mathematics. Kconomics and Statistics at the honours level as early as in 
1024. Statistics as a full post-graduate course was introduced for the first time in 
the Calcutta University in 1011. Cater Travancore. Mysore. Bombay. Dharwar. 
Madras, Cauhati, Andhra, Patna and other universities introduced either full or 
half courses in statistics at the graduate and post-graduate levels. Training courses 
at the post-graduate and research levels were also instituted in the Indian Council 
of Agricultural Kcsearch at Delhi. The statistical branch of this council is akso 
lesponsihlc for project and advi.sory work on statistical aspects of sampling and 
experimentation in agriculture, animal husbandry and veterinary science. 

1.0 The last decade also saw the growth of statistical bureaux and other 
coordinating agencies in almost all provinces and states of India. The activities 
of the statistical bureau in Travancore organised by Dr. U. S. Nair, Professor of 
Statistics in the University of Travancore, deserve special mention. It is an advisory 
body which renders advice to government departments, trade associations and other 
agencies in the collection and interpretation of all types of data. It is also a service 
agency which carries out agricultural and economic sample surveys and undertakes 
the statistical analysis of data for recognised private bodies. It is also tiscful for 
the university students who arc required to take some practical training in the 
Bureau. 

1.7 Some of the research institutions owe their foundation to the philan- 
throphy of the rich. Gokhale Institute of Politics and Economics is one such 
institution founded in lOlJOon the 2oth anniversary of the Servants of India Society 
and stabilized by the munificient donation of Rao Bahadur R. R. Kale. This 
Institute conducts research into the various economic and political problems of 
India and also trains workers for such study and research. The institute has made 
valuable contributions in methods of collection of data on economic aspects and 
utilisation of information in framing economic policies and resolving some of the 
current controversies. They have twenty-two publications uptill now covering a 
wide range of topics such as demographic studies, farming practices, socio-economic 
studies and economic policies. 

1.8 Two societies called the Calcutta Statistical Association and the Indian 
Society of Agricultural Statistics have come to be established. They have as their 
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official organs, tlie Bulletin of the Calcutta Statistical Association anti the Journal 
of the Indian Society of Agricultural Statistics. 

Thus the statistical activities have been gradually expanding to meet the grow- 
ing needs of the country. 


2. Offici.al Statistics 

2.1 Great changes have taken place in the collection of ofiicial statistics and 

their presentation since Bowley and Robertson submitted their recommendations 

in 1935. At that time, to cjuote their remark, ‘though in some branches some work 

is being done, and determined efforts made to improve the accuracy and scope of 

information, in others they are unneccssarilv diffuse, gravely inexact.' incomplete or 

misleading: while in many important fields general information is almost com- 
pletely absent’. 

2.2 The wide gap in agricultural statistics due to the existence of non-report- 

ing areas is closed partly by instituting permanent agencies for the collection of 

primary statistics and partly by scientifically planned statistical siirevvs. The 

developments in the latter direction are detailed in the next section. ' Sample 

surveys are now becoming popular with the Government because of their economv 

and quickness of availability of the forecasts for Governmental and commercial 
purposes. 

Efforts are being made to secure complete information of tlic industrial output 
partly under statutory powers by legislation and partly by a sample census of the 
manufacturing industries. Similar steps arc being taken in the collection of statis- 
tics of housing trading, employment, fuel and power, prices, wages, balance of 
payments etc. The ^cuils of these recent development arc given in a paper read 

by Subramanuam (1947) at the first World Statistical Congress and also in the 
ollicial publication. Guide to Indian Official Statistics. 

2.3 The latest advance devise to supply, on all India basis, information on 
various aspects of rural and urban economy and demographic conditions of the 
population, is the National Sample Survey being conducted by the Government 

iti the technical assistance of the Indian Statistical Institute' It is hoped that 
when the survey is complete national income figures with pmper LTdol 
into various sectors of the economy will be available for the firsMime. ^ 

'uvl t * J^o*;tunatcly for India proper co-ordination is growing up between ‘official 
and academic statistics or to speak functionally, between the duties of collections 
enumeration, tabulation and publication, which absorb the time of official sntis’ 

f m" henntait^lf interpretation which f^kt the 

siatisSs nnd ol An inter departmental committee of 

from fimr m ^ ^‘'^'j^niists set up by the Government of India critically review 

their utility position of official statistics, the methods of collecuon and 

tiitir utility, and make suitable recommendations. 

A Central Scatistical Organisation is also being set up to co-ordinate the 

3. Sample Surveys 

3.1 Research in sample surveys has long ceased to be derivitinn i 

for best estimates and standard errors Notwithstanding th,. *' r • 

;l.cory. in practice it olTers an intractable probl 

before the theoretical statistician conid regard his da a k bav ^ assumed 
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by Hubback (1027) reprinted in Sankhvn^^^ 9 fl/ P^P^'' 

n’,M. Thi S’Saif *; S’,.* """ “•'•■ 

cxttnfU^om"1r,l?e random sampling for dclermining the 

and tsti's s 

s S 'F r F n. ^iTE£" 

tical justification for it by introducing the variance function. 

investigations supplemented by emperical verification from 
R A fU PJOV''" “ fascinating study .as' a piece of original thinking. 

of his work at’SmstS development 


ProvfncThrr n "n ' h" ,'‘o e‘’'o‘' '’y "as used in the Central 

ro ince by C. D. Deshmukh and R S. Rau. a member of the Indian Civil Service. 


1*1 J~~i W J, «*■ a-y J • 9 w came the series of large scale sample surveys 

or acreage evclopcd in the Indian Statistical Institute. The design adopted 

was s rati c unistage samp mg, the ultimate unit being a duster of 'fields' chosen 

with probability proportional to'the area of the cluster. The duster area was somc- 

imcs made uniform by considering portions of fields falling in a square frame of 

optimum size 2.0 acres. T*hc essential features of these developments were detailed 
in a paper by Mahalanobis (1944). 


(0 For the first time the importance of pilot surveys and in general the 
sequential method of successively improving the design by using the information 
supplied by the previous surveys have been stressed. The money spent on the 
complete enumeration of two thanas. to begin with, yielded a good dividend 
because the pilot survey provided the basic material viz,, the estimates of cost 
and variance functions in terms of the shape and size of the sampling unit and 
the number of units to be chosen, and with these an optimum design was derived 
minimizing the expenditure for a given margin of error (Mahalanobis. 1039). 

(ii) It must be remembered that area under a crop refers to crop acreage 
at a particular noint of time. In fact there is considerable difference between area 
sown and area narvested and it is important to trace the changes in the area under 
a crop through a season. This introduced a new concept of randomization oyer 
space and time by which the history of the crop from the stage of early sowing 
to late harvesting could be studied (Mahalanobis, 1945). 

(iii) A third feature of thc.se surveys was the use of a highly trained staff 
of mobile investigators who travel from place to place and collect information on 
the sampling units. It may be noted that a highly trained staff once recruited 
will be useful not only for acreage surveys but for multipurpose surveys (Maha- 
lanobis 19466) which cannot obviously be carried out with the help of any Gov- 
ernment agencies now existing. 

(iv) A fourth feature of these surveys was the use of interpenetrating net- 
w'ork of samples by which independent estimates could be obtained and the 
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validity of sample surveys checked (Mahalanobis, 1944). This principle has been 
adopted as an essential requirement of any sample survey by the expert com- 
mittee on statistic^ of the United Nations (see the report of the Committee re- 
printed in Sankhya, 9, 392). 

The importance of the use of interpenetrating net-work of samples has, how- 
ever, been questioned on various grounds by Sukhatme and Panse (1948;, Ghosh 
(1949rf) and others. 

(i) It involved greater expenditure without increasing the precision of the 
estimate. 


(ii) Sufficient data could not be obtained to secure efficient comparisons 
within each stratum except at a very prohibitive cost. 

(iii) One was at a loss to know what to do when two estimates dilTered. 

(iv) Even if two estimates showed agreement there was not enough jusiifua* 
lion to feel that they were nearer to the true value. 

It may be observed that a satistician who has two independent estimates is 
unquestionably in a better position than the one having only a single estimate 
so that the only valid criticism could be that intcrpcneirating sub-samples in- 
volved a higher expenditure. 

An alternative to this has been suggested in that adequate supervision should 
be provided to ensure reliability. Even in this situation the statistician faces a 
similar problem. The investigator supplies a scries of figures and the supervisor 
another series corresponding to some of the sample units covered by the investi- 
gator. These two interpenetrating samples are also supplied by tw'o human 
agencies. It may be noted that the simplest type of iiuerpenetraiing samples as 
devised by Mahalanobis (1944) consisted of samples in groups of rq, n.. and units 
with one party. A investigating the first and the third groups and another party 
, I e second and the third groups so that duplicate figures were obtained for 
some of the sample units. To the academic statistician who cannot distinguish 
etween the supervisor and the investigator on any ethical grounds the argu- 
adequate supervision seems inconvincing. Tlie practical statistician lost 

\n(T hoping for further investigation into the problem of provid- 
ing adequate checks in large scale sample surveys. * 

wnrL^mr surveys for yield. The Indian Statistical Institute has been 

DiirliK^ problem of improving the estimate of crop yields, 

cutting season 1938-39 it helped the Government in an extensive cron 

^ covering about 1000 square miles of Burdwan- 

|)criL-nt was Ilrf Area (Mahalanobis, 1937). The cx- 

sugarcane and whe-^r*^ 1939-40 and 1940-41. Crop-cutting experiments on 
Sal cro^^^^ U.P. in 1940-41 and 1941-42. Later, in 

Instfiute. During ^the "ere undertaken by the 

designed to deicrminf years \arious experiments have been specially 

found’d (MahaSriml) ^iraTcuts 

and convenient in practice As forshr,!/ • “'T ’ “qu-yc feet were adequate 

was fouml to be Lt sui;ed for crop Pmdnrwtrk"' ’'* 

In 1949-a?l nn/i lO.oj AA n ' . b «orK. 


in Ccmtlal^Vrm-inces mtt lkrir/^ ^"‘^ Kalamkar estimated the yield of cotton 

mental staff. At the instance of die^p' method usiiif. the depart- 
Council of Aeriadturri Reiar It 

crops from lOt.T under the leadership of “p V "sukh ‘r' ^ t!‘ ^“‘1 

-"p'i-s. .ii- 
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n,r etc ^ being conducted with the technical assi;Lce^f the’ Tc A r' ^ Thh 
s onU^ e constdete^ notalde achievc.nent of Sukhatntc and his ttoda J a^ 

i lor although tarious committees and commissions has been recom- 

mending sampling procedures for crop yield for the last 40 ye^s or sT the 
Oovernment machinery could not he easily moved to accept them 

There is some dilfercnce of opinion about the size of the samnie n.t 
SiiKhatme (1040. a,b,c, 1047 a,b) contending that the cut size should be as larec 

am iM. b.danobis (I. 46c) pointing out that it is wasteful to go in for cuts for 
such a large size, fhe evidence as it stands is not conclusive enough to decide 

one way or the other. The problem is not simple either. Quesdonrof bias 

tariante. tahdity am above all practical convenience have to he considered with 

pecial reference' to the agency employed. It is time that some further investiga- 
lions circ planned in tins direction. ® 

n.r. Soew-econonue surveys. From 103.',. a number of socio-economic 
suivcys have been organised by the Indian Statistical Institute, the most import- 
ant ot \Wncb arc a survey of the economic conditions of hand-loom weavers in 
Bengal (Chakravarti, 1037), Jagaddal Labour Enquiry {Mahalanobis, 1942) where 
ellcctive controls were employed to determine investigator bias, an enquiry i 
the prevalence of drinking tea (Mahalanobis. 1043) and a Radio and Public pre- 
ference survey (Mahalanobis, 104 U/). A sample survey of famine conditions 
conducted by Chattopadyaya, Mahalanobis, Mukherjee and Ghosh (1931)) revealed 
ihc extent of damage done to rural economy by the famine conditions in Bengal 
in 19-1.1. An important feature of this report is the demonstration by the authors 
that the famine of 1943 was not a chance |>hcnomenon but the culmination of 
the progressive deterioration of Bengal’s rural economy over a long period. The 
Jagacldal Labour Enquiry is being continued from year to year with some families 
remaining common in all the surveys. By this method efficient estimates of 
changes in economic conditions can he secured. Some results obtained in this 
connexion will be shortly published. 

By far the most important and extensive multipurpose survey now in progress 
is the National Sample Survey where IS^M) villages spread all over India will be 
visited and information on socio-economic and demographic conditions of a 
numlicr of households will be obtained. 


into 


3.0 Some special techniques of sample surveys. The estimate of hark yield 
of Cinchona plants in a block of plantations presented a new problem because of 
the difficulty in barkng a sample plant and obtaining its dry weight. It was 
demonstrated that an efficient sampling plan would be, first to obtain by a study 
of a few plants the prediction formula for the weight of dry bark in terms of the 
external (or concomitant) measurements on a plant such as its height, girth, 
number of branches and the weight of cork Ixirings. Then mean values of these 
characteristics arc estimated from a large sample of plants and substituted in 
the prediction formula to obtain the average yield of bark per plant. The prob- 
lem is not solved until the number of plants in a block could be ascertained. 
Although the number of plants sown is known the survival rate is not known. 
This needed line and block samplings of a systematic type. The details arc given 
by Mahalanobis (1041^). The final estimate of yield is of the form 

P (fl+ X, 

where p is the estimated number of plants, x^, Xj,...nTC sample estimates of the 
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inipoi caru m dctcrminint? the optimium n-ne of of workers. Tins is 

surveys and also controlled lield-polt expcTiments'’'^ Th^ rl 
lave, Iiowever, a wider field, beinl u<^efill in rlu- ^ investigations 
icnce and other problems. ^ ^ study of time senes. fluid-turl)u- 

i>p 44:L;;isri;’4™""i;“, ™, ,';r '■«-) “■ ■""» 

sample unit consist.ng of „ elementary , Ik "i'll a 

tr^where 0 <g<l, the value 1 leini*. ^01! I 1 pattern is proportional to 

tie models for some natural fields ee mnlri’m^ ^ constructed some siochas- 
.'ind stationary models with exnonemMi . “‘^'^■^^^^“Jnary models (1948e) 

niudels satisfy the rec ulremei^^^^^^^ correlations (10-19«J. ^Thesi 

IS a 'non-negative, monotonic, nondnereasin^tu*^^^^^^^ direction 

correlogram concave upwards He ihn ct. r i ^ distance with the 

^ome artificial fields (194;*/. the topographic correlations for 

Itigher dimensional fields (H)43c/ 1017/.) and*^ 

within and between rectangles n<)43a Vutl P . of random distances 

»" »p..s™rl.k .,'4n4w;i “ "“K 

.».S, 43“iiS„ u diSriT' -i-c 

upwards then systematic, stratified and r ind, n, s‘ y' n .’^' ‘s concave 

of efficiency. Sukhatme (lOoO) derived a‘«encT\lTrn uh T" "'• 

precision due to stratification in a sub-samnlh!a to estimate the gain in 

general approacli has been indicated foi-^nl^ Jcsign for finite populations. A 

"> •»-™ ■Z'Tl ‘""'"‘v •> 

4. Experimental Designs 

originally developed by R.A. Fisher in the txvr experimentation 

to Um various experimental designs such as century. From 1931 

with an without confoundinir snlit nor -mrl -r' Suctorial arraneements 

•lied. Uniformity trial datal^y 0 !^ arrangements ha^e beyn 

shape and size of the plots for exSotlti. n - T, the optimum 

the theoretical and praAienl aspects^vas due to S S^ H '’°'h on 

who had heett exploring a ne!v field of ft n 'htm-nfil ''I-''halanohis 

Itiral country like ours. Tw„ of their I, u r mportance to an aericul- 

deserve special mention. ■' P>'l>l‘slicd in 1033 and 1035 

•I .iL Sl.?’;.'"'* 'r . „ „„ 
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times and any pair of elements occurs in X sets. Bose (1939) developed syste- 
matic methods of constructing these designs and provided some new solutions. 
He found that when u = (/>« - !)/(/>- 1) or , p being a prime, the balanced 
incomplete block design is equivalent to Projective or Euclidean finite geome- 
trical configurations. Since such geometries exist for prime p a huge class of 
designs was made available. 

A second method employed by Bose was the method of differences by which 
starting from an initial set or sets of elements the whole arrangement could be 
derived by successive cyclic addition of the elements. Bose (1942) proved an 
alfine analogue of Singer s theorem and derived a number of cyclic solutions to 
the designs following the Euclidean plane geometry. Later Rao (1945. I946fl) 
extended the results of Singer and Bose to finite geometrical configurations of 
higher dimensions and provided cyclic solutions to a number of designs. Most 
of these representations arc now incorporated in the table of designs in Fisher and 
Yales statistical tables. K. N. Bhattacharya (1944, 1940), by an ingenious device, 
obtained new solutions for the designs with v = b 25, r =z Q = k, X = 

V = 16, 5 = 24, r = 9. A = 0. A = 3; = b, r = \0 = k, X^S and v = 21, 

b = 30, r = 10, ^ = 7, A = 3. K. N. Bhattacharya (1950) and Nair (1950) con- 
structed several designs of the partially balanced incomplete block type described 
below. Shrikandc (1950) proved the impossibility of certain symmetrical balanced 
incomplete blocks. Following the method of differential operators developed by 
Mac-Mohan, Saxena (1950) enumerated the different types of Latin Square arrange- 
ments of order six and confirmed the figure arrived at by Fisher and Yates 
earlier. 


4.3 The work of the Indian authors was not confined to the construction 
of balanced incomplete block designs alone. This type of designs provides only 
a limited number of experimental arrangements because of the severe combina- 
torial restrictions. Arrangements arc needed to suit different numbers of varieties. 
A significant advance in this direction is the introduction of partially balanced 
designs by Bose and Nair (1039) and later generalized to cover a wider variety of 
designs by Nair and Rao (1042a). 

The arrangement is as follows: 

(a) There are v varieties to be tested in h blocks of k plots each variety being 
replicated r times. 

(b) Given any variety the rest fall into groups of sizes n^, ..., «»#• called 
the 1st. 2nd.... and mth associates such that the given variety occup with any one 
in the i th group in Af blocks. It is not necessary that all A.- should be clillcrent. 

(c) If is the numcr of varieties common to the rth and sth associates 

of a pair of varieties which arc k th associates then this should be the same for all 
pairs of k th associates. 

The above design does not completely cover all the situations. For instance 
a design may be needed where two sets of varieties arc used and all compan^ns 
within sets should be of equal efficiency though different from set to se^ The 
design should also provide efficient comparisons of varieties between sets. For this 
purpose Nair and Rao (19425) introduced a new design called the intra and mter- 
group balanced design. The requirements arc that every variety in the * group 
is replicated u times and every pair of varieties in the ith group occurs in A« blocks 
and every pair consisting of one variety each from the * th and j th groups occurs 
in Xis blocks. Work on the construction of designs is in progress. 

4 4 Systematic methods for the analysis of these designs with respect to esti- 
mation of missing or mixed up plots, intra and inter-block information have been 
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developed by Nair (1939, 1944a, b) and Rao (1947a). Nandi (19471 also discussed 
a mathematical model leading to imcr-block estimation. 

hv developed 

by Kishen (1J41). Although there is some theoretical difficulty in takin- into 

account the unequal variances arising out ot unequal block sizes the above efesigns 

< e uscf^ul for experimentation in hilly tracts etc., where blocks of uniform size 
cannot be laid. 

started^fS^msr'r"' "“k m factoiial designs was 

Study was undertaken by Bose and Kishen (1940) who developed a gcLTaf theory 

di."“ ;,TpZi:r;s;\ ct "r ‘ 

the number of such parallel pencils is (s”*-n/fv_n l 

Iwpercubeso strength t ’^u ‘•>'-^^"g<-''9cnts called 

s= =s s s 

c.™", “'v 

in terms of contrasts for main effects and iiftrrW factorial design s»‘ 

cal configurations and utilized this for obtainin^"^ donved from finite geometri- 
action of any given order Kishen 110401 t 1 ^ timtary components for inter- 
geometries in constructing Latin and Hyper Gra^'ernY'^ 'i’** finite 

'S: ;;;s 

d, .h. c... *.ig„ , isz/'s, :;r 

tional confounded design in block of l *■' •'> 

th.s rc.sult ,0 the general s" design in blocks’^of s*. (1942) extended 

designs in QuiliTadn'squaTef b^tS ‘.“"''’'“"'''’g confounded factorial 
m two directions. ^ heterogeneity could be eliminated 

in tbc case of^l^ymniMi-ifaY Vctorlar^' mcdiod of deriving confounded designs 
involved in this investigation satisfies ^thT combinatorial prblihm 

varietal trial as generalLd by Tel .au ^ ^ ''vlnneed 

■mifieanon of all experimental arrangemen « fTnrlai" 

combinatorial structure. The two ecnor\r ^ '’^netal under one 

experimental arrangements are cliagrammaticalfy"rcpre"eme^^^ 
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Experimental arrangements 


Generalized partially 
balanced, Nair & Rao (19-12fl) 


Intra-Inter-group 
balanced, Nair & Rao (19426) 


Confounded factorial 
experiments 


Varietal 

trials 


Symmetrical Asymme- Quasi- Lattice 

trical factorial 


Other types 


Method of 
controls 


Symmetrically 

balanced 


•(,10 n'cij^hiUfr Designs. It has long Itcen recognized that hy weighing a 
number of objects in suital)lc C()ml)inations higher accuracy can be achieved in 
the determination of weight of each individual object. If there are p objects with 
hypothetical weights /?j, /ip then the results of weighing a given combination 

-I- ... +A-p/ip=y4.e 


where y is the observed weight e is an undetermined error and >-,■ = + 1,-1 or 0 
according as the i-th object is placed in the left pan, right pan or in neither. 
When a spring balance is used a,- can take only two values 0 and I. The formula: 
for estimates and errors arc a direct consequence of the theory of linear estima- 
tion discussed elsewhere (section 7). Rut the jirohlem of designing that is the 
determination of the number and nature of elTicient combinations to he weighed 
or the determination of the matrix X of the observational equations remained to 
he tackled. Following the work of Hotelling, Kishen (I04o) provided a general 
method of deriving optimum designs when p is of the form 2* Banerji in a series 
of articles (I04H, 1949/2, 19496), made a systematic study of this problem explor- 
ing the possibilities of deriving weighing designs from the arrangements of in- 
complete blocks and factorial experimental designs. He also discussed the possi- 
bility of arriving at uncorrclaicd estimates of the weights and showed that by 
using some particular types of designs the variance of each estimated weight 
can be made as small as a'^jn with a total of « weighings whereas to achieve this 
much accuracy by weighing the objects individually n weighings will be needed 
for each object or a total of up weighing. In these eases the problem of design- 
ing is solved. But the problem of optimum designing in the general case is not 
completely solved. 


4.11 Silvicultural experiments. A brief historical sketch of the introduction 
of statistical methods in Indian silvicultural experiments is given by Nair (1950). 
The publication of the experimental manual in 1931 by Mr. Champion marked 
the starting point in standardizing methods of experimental research in Indian 
forestry. The silviculturists were introtluced to Fisherian techniques 
of experiments from which valid conclusions could be drawn. In 1947 Grimth 
and Sant Ram published a more comprehensive statistical manual as Vol. 2 of the 
revised ‘Silviculture Research Code’. This is in three parts. Part I gives general 
principles and includes only as much mathematics as is found absolutely essential. 
Part II describes the design of forest experiments and Part III consists of a number 
of typical examples of the working out of typical forest experimental data. 

To meet the expanding needs of the Forest Research Institute at Dehra Dun 
a provision was made for the creation of a statistical branch headed by an expert 



STATISTICS 


m 


statistician. This branch was brought into existence in 1947 and is doing invalu- 
able service in planning of experiments and analysis of data according to modern 
statistical principles. 


5. Multivariate Analysis 

0.1 Distance junctions. Interest in the utilization of multiple measurements 
arose in India with special reference to problems of classification of different 
groups for purjwses of discovering racial afiiniiies. As early as in 11)11, Dr. Sir 
Brajendranath Seal, in his address on Race Origin delivered before the first Uni- 
versa Kaccs in London, proposed a geometrical representation. He liad staled 
If the groups recjuirmg to be arianged vary in n characters and if biometriJ 
measurements are complete, the composite mean of the groups may be taken a^ 
the point of origin, and then the means of the single characters for each eroun 
may be imagined as marked off on n coordinates, and the position in n dimen- 

m'] assigned". Followini; this notion 

M.ilialanobis (1030) clcvisccl a generalized measure of distance D-' Ijetwcen two 

groups which corresponds to the stpiare of the Euclidean distance in an n-climen- 

s.onal space with oWique axes, the angles being determined by the corre'ations 

over ^r'" ^'i'-'inet advantage 

nos S or (C R M proposed by Karl Pearson for pur- 

poses of classification because C.R.L. does not take correlations into account 

function as a tiecrcasing function 
e amount of overlap between two populations, or the frenuenev of individuals 

who arc liable to be misclassified by following the best discrimimation procedure 

Tld!',nen‘'‘'"’T-7‘' fve(|uencies of error in classification. 

Plus measure wbicii appears to be well suited for purposes of tlassifviiv. the groups 

hemselves on the basis of their affinities reduces to' Mabalanohis I)="in he cX 

of normal populations, thus affording further justification to the use of D=. 

.12 lihattacharya (1010) defined the distance between two discrete nonuPi- 
tion in k classes characterized by two sets of proportions - and - ' 

ir'i ascos-i (r and in _the case of continuous populations with densities 

■^ (^) and 0 fa; by cos- W00d.v, When the distribution is parametric R o 

Sir t: tr •£, ur.;-- r r 

nns u in tilt case of multivariate normal populations. 

,i: . m'* multivariate distributions. For an ccetrivc nsr r,f /v-- 

|)a'ra\netTmusfb“kno^^^^^^^ f ^o>rcspoiuiing population 

pics and {aJ) the reciprocal of the estimated dispersion matrix, then 
D’= (.V . .) 

hy Bose and Roy 093t)7n7he Stuchilti^^^^^^^^ 

foiitid some gen'emr mcthods'''in ^R'‘j'‘jl-'''>ol)is, Bose and Roy (19.37) 

l>elp of what^are callS rec 'u 1 multi^riate distributions with the 

Sir N^mlJ'nolS'li^'d f.om‘.rdi;tiib.:;t:'o^ dm ;e!;^lgS‘co: 

lion is made tharthc"gl-LnTun7* ‘”*‘’”l'' one assump- 

biit not in the v. riauces 'auT covar '=>1“ 

•iriauccs and covariances, fo test this hypothesis Roy (1939) 
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introduced some test criteria depending on the roots of the dctcrminantal equation 

|so - ^s'o|=0 

n<H‘' T<un In a series of papers Roy 
11',,' ,' -^' r ol’tained the distributions of individual roots and also of their 

varnms lu"dli?lV \ r T‘‘ In'- general case of p 

ariates. Hy this tune R. A. hisher introduced the roots of dctcrminantal cqua- 

t on for testing differences m mean values when the dispersion matrices are consi- 

dcred to he the same. The distribution problems ale the same on IL null 

I vpothesis so that Roys work has become useful in both the types of problems 

Ibe problem of selecting the most useful function of the root's for piLoses of 

te.s ing IS under consideration and Roy has already some interesting^ remits to 

pu ilish. Nanda (I.MHc;, ll)4Hb, 1!)4<») working on similar lines derived the dis- 

mbuiions of rhe iiuliviciual roots and also of their sum. 


O.iJ 


is the rbrV f I 'I'C "SC- of and allied applications 

s ti c cboKc- of cbaracter,s their number and nature. The question to be asked 

IS whether some assigned characters show any discrimination between the groups 
independently of a basic panned of characters already .selected. It is to be recog- 
ni7.(d rliar these assigned characters may he important I)y themselves for purposes 
of discrimination hut ,n conjunction with a basic pannel. may not contrihutc any 
nddmon.il distance. I his is important if a stable classification of a given number 
of groups IS to be obtained. Tliere must be a limit beyond which the rest of the 
characters do not contribute to the distance function. This has been stated 
in an axiomatic manner by Mahalanobis (IfT37). An empcrical rest is now avail- 
able. fhc test criterion generalized T. for testing simultaneously the differences 
in p characters was first given by H. Hotelling and is connected with Mahalanobis 
ly by a simple relationship. For the problem of additional discrimination Rao 

I +^p4-7 

I + Tp 

of a ratio of the estimated distances hir p and p + fj characters. Tlic value 
of U is sniall when the additional characters arc of no use. It was shown that 
is distributed independently of Tp so that the test is independent of the 
differences in the first p characters. Later Tic (M)40) introduced another statistic 
IF/y.n — Tp which is u.scful mainly in situations where Tp is not significant 

•t 1* « «■ AA ■ •• 


(1010) proposed the test criterion I -i- U 


ntp — 


which is some sort 


by itself. The relative merits of U and W arc considered in some detail in this 
paper. The non-null distributions of U and W were derived by Rao (1049, 1050), 
Narian (1040) also obtained the non-mill distribution of U. A number of prac- 

by 
Ar 

suitable form c »*'• vv avih, 

correction factors of rapidly decreasing order for the other terms. He also obtained 
an alternative expansion in a beta scries with the first term providing a powerful 

approximation the second term being O 

r>.0 Problems of discriminaturn. One of the problems confronted in bio- 
metric research is the assignment of an individual to its proper group. A jaw 
bone may be found and it is required to find the sex of its possessor, or a newly 
discovered fossil has to be placed in the proper group. In the case of two alter- 
native groups R. A. Fisher suggested the use of the discriminant function which 
is a linear c^ombination of the measurements. Rao (1048&) discussed the gcncpi 
theory when the alternatiycs arc more than two Two thstinct problems arise 
depending on the existence or non-cxistcncc of the apnori probabilities. In the 
former cL the solutions arc dcrirablc from Bayes theorem. In the latter case 


7+P 
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Optimum solutions have been obtained when the ratio of errors allowable for 
various groups is assigned. Where it is necessary to assert confidently that an 
individual has been correctly classified it was shown that the region in the 

* ^ • 1 • . . any group can be further divided 

into two subregions such that an individual falling into one is confidently asserted 

to belong to that group while in the secontl he is only provisionally assigned 

fhese subregions arc independent of the apriori probabilities of the various 
groups. , 

5 7 ComptUattonal problems. The multivariate computations arc cxtrcmelv 
complicated because of the inversion of higher order matrices, solutions of 
equations and the evaluation of quadratic forms. The complications arise mainly 
m taking into account the correlations between the characters. Attempts have 
cen made to clTcct a transformation of the characters to an uncorrelated set Two 
sirnplc methods with automatic checks useful in two dilferent situations ' have 
been illustrated by Rao m his 1949 and 1950 papers. 

b.Q Applications.^ Extensive use has been made of D- (sec section 9 for 
details) in the analysis of the United Provinces anthropometric measurements 
A significant classification has emerged out of these studies. 

application of multivariate analysis in the study of chronology 

widch ‘ four aspects of styk- 

t luch appeared to have some chronological signibcance. Yard! fotmd the bl t 

ne iodsT® referred “0 4 distinct 

periods, fh s alone was not sufTKicnt to give the succession of plays within each 
period. By knowing the dates of some plays it was possible to set up the rceres 
Sion function of tune as the best discriminating scire and the" imernihtl fo 
time at the score of a play whose date was not known. Another applicLion due 
o Kao and Slater 194«, is in the classification of neurotic diseases T “town 
that he variation between different neurotic groups is predominantly coifineT to 
one dimension showing that differences exist only in the degree of neurosis with 
1C normal group at one end and obscssionals at the othc^ personality chanpc 

b. Tiikory of Distridutions and Proble.ms of Tabulation 

m^r r tr i: “ 

moments arc easily derivable Usin? rhi. ^ expressions for the 

tion of the L staLtic ideinallv distribu- 

homogeneity of a number of c^timanr^ ^ Neyman and f’earson for testing 

above methitl in dcrivTng th ex“ '1- 

liy Su'khatme (103Ca,^9,%fc''’l837li obtained 

nected with exponential and chi square popuhrnl ^ significance con- 

moments and product moments of moment sSr. f ^ \ for the 

and mfi„ populations have been obtained' by SuWiatme Tl t 

(1038/>) gave a proof of Fisher’s combinatorial metC nf nL ^ u 

and cumulants of the distribution of i-statistics Th ?• ‘^e moments 

•n tins connexion were derived in another paper’ by Sukhrme7l939r"'°’’' 
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Chakiavarty (194G, 1947) derived the moments and semi-invariants of the 
me<m squaic successive difference and derived its exact distribution for n = 3, 

brom parallel samples of sizes providing estimates of means 

and variances S 2 ^,...Krishnasastry (1946) derived the distribution of the statistic 
2/ Oi .Yj/ 2 where c/’s arc unrestricted constants. 


Krishna Iyer (l94o) gave alternative derivations of the distribution of some 
well known statistics by the use of a generalized Dirichlct’s integral. Bhargava 

(1946) dc\ eloped a test for intra-class correlation when the iamily sizes arc 
different. 

Ghuryc (1949) compared the relative merits of the dilTercnt transformations 
of the binomial variate and studied their validity in small and large samples. 
Sundri Vaswani (lOoO) provided a test to verify whether a contigcncy table could 
have arisen from a trivariaic normal distribution. This was done by fitting 6 
constants corresponding to three planes of section and three correlations in which 
case the x- goodness of lit has 7-6=1 degree of freedom. Uttamchand (1950) 
considered the problems of testing the (|uality of two means and two regression 
coclhcients when the residual variances are unequal and investigated the question 
of utilizing an approximately determinate knowledge about the unknown ratio 
of variances. 

6.3 Tesis of ratidonntcss. M. N. Ghosh (1947, 1948) has demonstrated that, 
analogous to the serial correlaiipn, the space correlation as defined by Bojarski and 
Mahalanobis has asymptotically a normal distribution among the set of permuta- 
tions of the observations. Further generalization of this work leading to the con- 
struction of elliciem non-parametric tests of randomness is in the press. 

For testing the randomness of a space distribution Mahalanobis proposed the 
use of patch number, a patch being defined as the combinations with side contact 
of a number of square cells (the whole space being divided into such cells) possess- 
ing the same characteristics. Considering only two characteristics, say, black and 
white and assuming that the probability for any cell to be black is /> and to be 
wliitc ry, (y;+ry=l), Bose (1946j derived the mean and variance of a (luantitv X 
defined to be the number of white patches minus the number of cmbeclded black 
patches. 

Krishna Iyer (1948//, 1948^, 10195) developed the general theory of random 
association of points in the p dimensional latice I ^ y. ... Each point can 

assume one of k colours. Sampling may be free, in which case each point can 

have independently the k colours with fixed probabilities />, pk or non-frcc, in 

which case the totals for colours arc fixed and all arrangements consistent with 
this requirement are equally likely. The statistics used arc the number of joins 
of (a) the same colour, (b) two specificrl colours and (c) two different colours. A 
join may be confined to adj.accnt points in a particular direction, say, along an 
axis of the lattice or to all adjacent points. These two cases arc useful for prac- 
tical applications. Finally the number of doublets triplets and s-plcts arc also 
considered. An 5-plci is a combination of s points all joined together and an 
s-plel may have any configuration. In the case of a line it refers to a length or 
run of joins. In tnese cases Krishna Iyer derived moments and studied the ap- 
piToach to normality. His theorem (1949//) on the evaluation of moments is of 
particular interest. Some of these results arc applied for testing the d^arturc 
from randomness of a given distribution of disc.iscd plants in a Krishna 

Iyer (1950) also studied the limiting forms of the distributions of joins and runs 
of a given length when each point can possess one of k colours where 1 . • 

Sukhatme (1949) considered the sampling distribution of the nunaber of triplets 
of diseased plants in a block of plantations arranged in rows and columns and 
suggested its use in testing whether the spread of the disease is random or not. 
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of /i,and It have been cxtensiXE, d T^ "sr^viU “iaw" 

examine the probabilities for / 7 , ..1..^ e x ^ ^ results will enable one to 

lions from normal kurtosis Wh(*n rh **^^‘^<-*3Sures of skewness and devia- 

izX ^£eXi “";r 

mem between the theoretical v'ilues”^-m*l°'*^*^ population. Satisfactory agree- 
ade,uate.y obtained a “ when tL^re 

the order o7 appotimf^^^^ an expression for 

centra! limit theorem for the case where the 7^ I-aplace Liapoimoff’s 

are assumed to exist. If and V (.v) d Lte moments of order 2+|iil 
the actual distribution function of .y,V -i-x then ^ normal approximation and 

|^(^)-U„(,v) I ^ J j ^ n-U.-2mi.- , 4 ) 

which gives useful results for 2 cT t c' Hi f i 

0 t te second limit theorem of Frediet and Shi generalization 

of the set of moments to the ca‘=o where *ihe r ? regarding the convergence 

Inbty, IS in press. ^ h e is replaced by convergence in proba- 

was dcvelopfd by Rao 'SVl^c llfolm' t‘‘'''”^' likelihood functions 

U ) and the derivatives of log likelihood a, / reciprocal 

hetical values of the parametcTs a test fo?"rht'V " i *'yP«- 

h' ilio statistic ' I'Vpothetical values is provided 

is composite X'“rt'7Xmlmr'''Lvc"'to"bf tlic hypothesis 

above expression which' still remains a v" s^.h T' in the 

il>c numter of free parameters estlLtetf by 

.bco^^^ oroof of the second limit 

undertaken by Pillai (1948). Out of all ordeX^ ? '’‘^‘^n 

contain the maximum information on ri an^rthe ei'?“ ‘'’^'"‘■'liun is seen to 

on a The latter finding brings out the imnortanr f n>^survations 

simple estimate of <7. 1 he exact distrlK,. f mid-ranc^c as a 

been developed (I9o0) in an infini e sericr'‘F "rtimr ‘‘"if" "“"‘I have 

atisties m tests of significance analogous to he ’i'^ f °^dered 

'atnaik (19.50) obtained the distribution of LX n? - ^ 

■n a given sample and w is the n W' is «he range 

samples. He compared the associated power ^flncdon " ‘"'’<:i^ndent 

Nair (19481 gave simr.l„ . i ‘“notions with those of t and F. 

" = K-X)la or (?-.v,)/o ihichX' thc*ri°tL o7X‘"'"^ ‘’is'^butions of 

10 extreme deviation from the 
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average to the known standard deviation, and also its Studentized form with a 
replaced by an independent estimate based on v degrees of freedom. He gave 
extensive tables of the probability integral of h = {x„-x)Io or (x-x)f(x at 
intervals of 1/100 for « = 1 to 9. The upper and lower 5 p.c. and 1 p.c. significant 
\ allies of u and its Studentized form arc obtained for various values of p Nair 


Xn + ...Xn.x.i X, + 


+ Xt 


also derived the distribution of the statistic 8 = 

/ fg 

which is the difference between the mean values of the highest I and the lowest k 

observations and indicated its use in tests of significance. Nair (1947) also 

compared the relative cfliciencies of the mean deviation from the mean and the 
median. 


6.8 Bivariate surfaces. Considerable interest was shown in the construction 

of bivariate surfaces during the last decade. Kibble (1940) derived some bivariate 
surfaces in a scries form having the Gamma type distribution for one and both 
marginals. Some general classes of bivariate surfaces having different Pearsonian 
type of curves in the marginals have been obtained by Srivastava (1941). 
Bivariate correlation surfaces with one and both regressions linear have been 
constructed by Rao (1942). By considering the joint distribution of the variables 
x=zu + v^ and where w, and arc Gamma variates, Chcriyan (1941) 

derived bivariate surfaces with Gamma distributions in the marginals. By an 
ingenious device Vaswani (1947) constructed a bivariate surface in which both 
marginals arc normal and the product moment correlation is positive but the 
regression of y on is such that y decreases as x increases — a pitfall in correlation 
theory! Bhattacharya (1945) has investigated into the minimum number of 
sufficient conditions which lead to a bivariate normal distribution. 

6.9 Problems of Tabulation. The theoretical distributions of classical and 
Studentized statistics arc very complicated so that no practical statistician 
is tempted to use them unless adequate tables arc provided. P. K. Bose (1943, 
1947) made an extensive study of Bessel functions and developed a simple method 
of tabulating the percentage points of the classical £)* statistic. He (1948) has 
shown how these tables could be utilized in the determination of confidence belts 
for the theoretical value of D* and also in tests of significance. 

Following the theoretical reduction of the incomplete probability integral 
for the Studentized statistic by P. K. Bose and Roy (1941), P. K. Bose (1949) 
piovided the tables of significant levels of the Studentized statistic for some 
values of the population parameter corresponding to D*. 

Chandrasekar and Francis (1941) used an ingenious method to tabulate the 
5 p.c. and 1 p.c. significant values of the statistic defined as the ratio of maximum 
of mean square to sum of all mean squares, each with / degrees of freedom. This 
is to test whether the highest observed mean square is significantly different from 
the rest. 

Sukhatme (1938a) successfully solved the problem of tabulating 5 p.c. values 
of Fisher and Behren’s test for judging the significance of the dincrence of the 
mean in two samples with possibly unequal variances. He also gave the ordinates 
of the .Student’s distribution for various values of the degrees of freedom. 

Swamp (1938) tabulated the probabilites of the difference in proportions in 
two independent samples of the same size being equal to and greater than me 
observed value for a fixed value of the sum of the observed proportions. This 
is useful in carrying out an exact test of independence in a two-fold contingency 
table. The sample sizes considered were 5, 10, 15, 20, 30 and 50. He is now 
preparing more extensive tables. 

Nair (1939tf, 19395) has shown that the distribution of the median in tests 
by randomization is quite simple and provided extensive tables for deriving the 
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confid^cc interval for the median in samples from any continuous population. 

o. K. Banerji (1936) tabulated 1 p.c. values of the variance ratio and Pan^c and 

Aiycht (1944) the 10 p.c. values of the variance ratio F and z for use in plant 
breeding work. * 

Patnaik (1949) found approximate methods of calculating the incomplete 
probability integral of the non-central and F distributions which arc analogous 
to the classical and Studentized statistics. He also considered the use of these 
probabilities from the point of view of power functions. 

, considered a system of particles whose number has a 
probability distribution and corresponding to a given number k, there is a k 
dimensional symmetric density function. He has shown how to calculate the 
mean of various functional averages over the particles, in particular, the expected 

number and its sciuare of the particles in a given interval. The results are applied 
to a problem of electron cascades. * 


7.1 Unbiased minimum variance estimate. It was first shown hv R 4 
Fisher that the maximum likelihood estimate of a parameter Thas the lo, 
hmiting variance l/„ , where f is the information per single olJri'tion defiLfb 

t =- E {d‘ log p{xl0]ldO-] 

ftuc V of ‘r'lil’’'" “ 'ingle observation and „ the sample size In a 

lb) J f M unbiased estimate of S and V(T) denotes the variance of T and 
density of the observarinne v* ^ ^ ^ wncre r(A:/e/) is the probability 

(1945c) proved that Fm > I//’’ ThU general conditions, Rao 
case if ' that in the multiparameter 


(• 1 ) 


9 log P d log P 


z$i 


ZB) ) ^ (^a) 


probibiiit/‘density'^‘ functions of c, parameters occuring in the 

A. ^VAnV 7a n ";hen\h ' -i^ates of 

inverse^of / is positive'^ seM^t: "’sim l where /- is the 

Cramer working ‘independently in Sweden Ra^n^r ‘f «• 

unbiased minimum variance estimates are cxnlirir 'I’®' *''<= 

and also (1948) any function of the sXien7 “f sumdent statistics 

■he unique unbiased estimate of its exte^ T"''' x*'’* 
sufficient statistic introduced by Fisher i^ thi^ e'^aWished. 

In fact, examples wcre7™4dc77yTio7lM8)‘'T'^''F t“ty problem. 

attainable IS not always ]//. Bhattadiarya (194G roa^roim' 

inequalities by introducing the quantitiel "nproved the above 

\p ~der ■ T Hf) 

m which case V(D the variance of an unbiased estimate of the parameter if 

A. I" (/r.)- It may be noted that /" >1 
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n ^ interesting results in the uni and multi-para- 

meter cases. One result of some importance, specially useful in the case of non- 
continuous paramctrs is 


V(T) ^(AT)VJ-i^A; 

when A is the difference operater. This is generalized to the multi-parameter 

case. Tlie necessary changes when there are constraints on the parameters have 
also been investigated. 

Bhattacharya (lOoO) further proved that if there exist functions 0 , a of 
the parameters and the variables such that jT<pi dv = !ri (0) where T ‘is ari un- 
biased estimate of t{0) and ( 0 ) is a known function of ^then 


V{T)^(^.o — t) T 4-^A,Xj 

where are determinable functions of the variances and covariances of 0. 

7.2 Seth (1949) extended the results of Bhattacharya to problems in sequen- 
tial estimation. He showed that the variance of the unbiased sequential estimate 
of y{$) a function of a parameter 0 is not less than 

^ ~W~ dei 


where (A'^) is the matrix reciprocal to defined by 



d^Ps dJPN\ 
d'Bi ) 


the only difference with the earlier result being that the expectation is taken over 
the observations as well as the variable sample size. Similar results were proved 
for the muliiparamcter case. 

7.3 Different methods of constructing interval estimates have been consi- 
dered by George (1942). A new method called the 'shortest confidence intervals’ 
has been proposed and applied to the interval estimation of the variance of a 
normal population. A graphical method has also been given for obtaining the 
shortest confidence intervals in cases where the theoretical distribution is unknown. 

Pillai (1940) examined the use of U. S. Nair’s transformation of the correlation 
coefficient in the derivation of confidence intervals and showed that in some 
respects it gives better results than Fisher’s z- transformation. 

Huzurbazar (1948) has shown that when the range is independent of the 
parameter, the consistent solution of the likelihood equation is unique and this 
is a maximum of the likelihood function with probability 1 as the sample size 
is increased. For distributions admitting sufficic*nt statistics the likelihood equa- 
tion is shown (1949) to have a unique soluton which is a maximum of the likeli- 
hood function. 

A method of estimating parameters in an autoregressive time scries was 
given by Ghuryc (1950). Efficiencies of certain linear systematic statistics for 
estimating dispersion from normal samples were calculated by Nair (1950). 

7.4 Esthnation by least sauares. Given a vector of n observations such that 
E(x) = tA and variancc-covanance matrix D where t is a vector of p unknown 
parameters and A is a known matrix, the problem is to determine a linear func- 
tion bx' ot X such that E{bx')^mT' a given function of the unknown parameters 
and V (bx') is the least. In the earlier treatment of the problem it was assumed 
that p <n and the rank o( A = p. Bose (1944) has shown that these two restric- 
tions arc unnecessary and gave a method of obtaining the best estimate of rnr 
if it is estimable at all. Bose’s method referred to the estimation of anv particular 
parametric function so that the solution could not be put in a simpler form which 
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necessitated the earlier writers to impose the above restrictions. Rao (m5a,b) has 
shown that even in this case the same procedure of finding the normal equations 
by the least squares technique and substituting the solutions for t in mr' supplied 
the best estimate of mr so that all the restrictions could be withdrawn retain- 
ing the w'ell established least square method. He later extended the work 

on the testing of linear hypotheses to cover the situations where the inequalities 
/ <n and/or rank A=p arc not true. The cases where the unknown parameters 
arc subject to linear restrictions were also considered. Some intrinsic properties 
ot normal equations have emerged out of these studies. With these extendons the 
least-square technique is put on solid foundations. 

As an extension of least square method Kosambi (1047) proposed to 'estimate' 

a point {X X-,) from which the sum of squares of perpendicular distances on ii 

surraces .r<)=0, i = l, n is a minimum. He applied this method to a 

problem in genetics. 


O. 
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lest terminates in some special cases when Tn is a sufficient estimator of th or 

the limiting distribution of is normal with variance 0 ^ . The use of such 

statistics in scciiicntial tests of composite hypotheses has been given. Illustrations 
for testing a hypothesis concerning o when the mean is unknown and in general 
the equality of two sets of parameters were also given. 

U. S. Nair flOIl) showed that for testing the equality of variances on the 
basis of estimates v, and on /, and /. degrees of freedom, an unbiased test is 
provided by the statistic 

u/'{\ - ,//- where u = 

which is equivalent to Ncyman -Pearson likelihood criterion 


L = (y, 


/,+/: 


with the sample sizes replaced by the degrees of freedom. This provided suffi- 
cient justifications for the current use of the modified criterion. 

Other investigations of some importance are the studies of power functions 
of Student’s f for paired samples bv Nandi (1047), tests of difrerence between 
proportions in a 2x2 table by Patnaik (1018) who also provided approximate 
tables of power function for given values of />,, and the demonstration of un- 
biased nature of tests of indenendence in multivariate normal svstems by Narain 
(lOlO). 

8.r) Rao (lOoO^r) discussed various logical problems involved in discriminatory 
analysis. He also gave a general theory of distance power tests analogous to those 
suggested by P. L. Hsu and A. Wald. An important class of these tests is one 
which has the property that its pouer for any given alternative bears a constant 
ratio to the maximum power possible for that alternative. This procedure seemed 
to effect a compromise between the alternative methods which favoured either 
the distant hypotheses (ignoring the neighbourhood of the null hypothesis) 
and those which favoured the immediate neighbourhood (locally most 
pov\erful) hoping that this would be good enough for distant hypotheses also. Roy 
(10.")()) considered the problem of discrimination when the apriori probabilities of 
the various hypotheses were known. Potl (lOoO) derived the power function of the 
test for comparing the blood group gene frequencies of two samples. This is 
useful in planning of surveys to coliect blood group data for comparative studies. 
Rao (lOot)/?) considered the problem of setting up sequential tests of null hypo- 
theses in cases where the alternatives are unspecified. Abraham Wald reduced 
this problem to that of testing the null hypothesis against an alternative close to 
it. This method ensured the best possible discrimination for hypotheses close to 
the null hypothesis. In the methoci suggested bv Rao a distant hypothesis, when 
it is true, could be discovered quicker and also the test does not make an explicit 
use of the loss function. The distribution problem has not been completely solved 
and the approximate solutions offered bv Rao are valid for moderately large 
samples. Neglecting the excess of the probability ratio over the boundaries, ivatia 
(1940) derived the sequential probability ratio rest for the dispersion in an expo 
nentlal distribution with a known value of the location parameter. 

ar> One of the problems of great interest is the choice, on the basis of samples 
from k populations, one or more populations havinp^ the inaximuni va ties o ccr 
tain characteristics* For instance one may be asked to choose a popu ation aving 
the greatest mean. Since the decision is to be based on samples it would appear 
that the best thing to do is to select a certain number of populations which cannot 
be distinguished on the basis of samples and which possess higher values for 
mean than the others. Bahadur (10.50) has answered this problem by suitablv 
choosing a risk function in the case of k populations. A more intensive study of 
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this problem, in the special case of two populations was made bv Bahadur and 
Robins (1950). 


0. Anthropomerty 

9.1 Anthropometry is one of those border-line studies where amhropoloeists 
and statisticians can fruitfully collaborate. The problem before the statistician is 
the discnmii^tion of a given number of groups on the basis of a specified set of 
characters. To him the groups have no other significance except they arc 
characterized by a certain number of measurements. It is the problem of the 
anthropologist to interpret the significant affinities and differences that emerge 
from the statistical analysis m terms of the groups as a whole and brins in ethno- 
paphic and other evidences to postulate further hypotheses concerning the group 
or racial) affinities or inter-relationships and their evolution. Experiments have 
then to be planned in consultation with the statistician (determining the optimum 
number and nature of characters to be measured and the method of drawing 
samples) to collect fresh information and to test the new hypotheses. It is only 
through this way that unprejudiced research in physical anthropology is made 
possible. Fortunately m India the major anthropological projects dunng the last 
lecade were handled by anthropoligists and statisticians working togethef Three 

iSiir.s'srL'’- "■ 

z ssst-™ j 'i 1 's 

Significance and the distance estimates 1 v»spH n, I tests of 

• 1 ' on the normnl distribution wero 

= Jiff'- 

size, abourri^for ^-nplcs of 

properly utilized, can gicx affair ide-.'^'^^f few well chosen characters 
groups. It was also found that indices aVcwLl hlTT* 

;::r 

antbropologi^rsl^^cdaliol interesting 

9.3 SiiniLir studies were ninrh* In tUr^ mi \ 
l.y Karve and Dandekar (1051). The material •mtbropomctric survey 

about 22.52 individuals belonging to 58 dilTerpn. measurements on 

pitfalls of the statistical and ambr^noiome^ me,h T*'*’ , 'he 

hv the statistician and the anthrZlosi, is an he played 

The report on Bengal anthropometric survey is beii:'’"'''’"' '‘'P®'''- 
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test terminates in some special cases when is a sufficient estimator of * or 

the limiting distribution of is normal with variance 0^-—^ • The use of such 

statistics in sequential tests of composite hypotheses has been given. Illustrations 
for testing a hypothesis concerning a when the mean is unknown and in general 
the equality of two sets of parameters were also given. 

U. S. Nair (1941) showed that for testing the equality of variances on the 
basis of estimates u, and on /, and degrees of freedom, an unbiased test is 
provided by the statistic 

»/•(! _ u f’ where u = vjtlvj, + vj^) 
which is equivalent to Neyman-Pearson likelihood criterion 




witli the sample sizes replaced by the degrees of freedom. This provided suffi- 
cient justifications for the current use of the modified criterion. 

Other investigations of some importance arc the studies of power functions 
of Student's t for paired samples by Nandi (1947), tests of difference between 
proportions in a 2x2 table by Patnaik (1048) who also provided approximate 
tables of power function for given values of ft,, and the demonstration of un- 
biased nature of tests of independence in multivariate normal systems by Narain 
(1010). 

8.5 Rao (10r>()<7) discussed various logical problems involved in discriminatory 
analysis. He also gave a general theory of distance power tests analogous to those 
suggested by P. L. Hsu and A. Wald. An important class of these tests is one 
which has the property that its povser for any given alternative bears a constant 
ratio to the maximum power possible for that alternative. This procedure seemed 
to effect a compromise between the alternative methods which favoured either 
the distant hypotheses (ignoring the neighbourhood of the null hypothesis) 
and those which favoured the immediate neighbourhood (locally most 
powerful) hoping that this would be good enough for distant hypotheses also. Roy 
(1050) considered the problem of discrimination when the apriori probabilities of 
the various hypotheses were known. Poti (1050) derived the power function of the 

test for comparing the blood group gene frequencies of two samples. This is 
useful in planning of surveys to collect blood group data for comparative studies. 
Rao (1950h) considered the problem of setting up sequential tests of null hypo- 
theses in cases where the alternatives are unspecified. Abraham Wald reduced 
this problem to that of testing the null hypothesis against an alternative close to 
it. This method ensured the best possible discrimination for hypotheses close to 
the null hypothesis. In the method suggested bv Rao a distant hypothesis, when 
it is true, could be discovered quicker and also the test does not make an explicit 
use of the loss function. The distribution problem has not been completely solved 
and the approximate solutions offered by Rao are valid for moclerate y arge 
samples. Neglecting the excess of the probability ratio over the boundaries, ‘ 
(1949) derived the sequential probability ratio test for the dispersion in < P 
nential distribution with a known value of the location parameter. 

8.6 One of the problems of great interest is the choice, on 

from k populations, one or more populations haying i havine 

tain cha acteristics. For instance one may be asked to choose « 
the greatest mean. Since the decision is to be based on J 

that^he best thing to do is to select a certain number Pf P“ 

be distinguished on the basis of samples and whic p ^ nroblem bv suitably 
mean thin the others. Bahadur (1950) has . “'jf it 

choosing a risk function in the case of k populations. A more intensive study ot 
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this problem, in the special case of two populations was made by Bahadur and 
Robins (lOaOj. 


9. Anthropomerty 

9.1 Anthropometry is one of those border-line studies \\herc anthropologists 
and statisticians can fruitfully collaborate. The problem before the statistician is 
the discrimination of a given number of groups on the basis of a specified set of 
characters. To him the groups have no other significance except they arc 
characterized by a certain number of measurements. It is the problem of the 
anthropologist to interpret the significant affinities and differences that emerge 
from the statistical analysis in terms of the groups as a whole and bring in ethno- 
graphic and other evidences to postulate further liypothescs concerning the group 
{or racial) affinities or inter-relationships and their e\'olution. Experiments ha\e 
then to be planned in consultation with the statistician (determining the optimum 
number and nature of characters to be measured and the method of drawing 
samples) to collect fresh information and to test the new hypotheses. It is onlV 
through this way that unprejudiced research in physical ai'uhropology is made- 
possible. Fortunately, in India the major anthropological projects during the last 
decade were handled by anthropoligisis and statisticians working together Three 
such projects were the United Provinces and Bengal anthropometric surveys 
carried out by Dr D N. Majumdar in collaboration with the Indian Statistical 
Institute and the Maharashtra anthropometric survey conducted by Mrs. I. Karve 

with the assistance of V. M. Dandckar. Statistician' to the Gokhalc Institute of 
Politics and Economics. 

r" Survey was ,..il,lishcd under the joint 

amhorshii> of Mahalanolns, Majumdar and Kao (1949,, Tlie data consisted of 

and measured on about 2836 individuals drawn at random from 22 castes 

and tribes residing in the various districts of the United Provinces. It has been 
found that the measurements did not strictly conform to the multivariate normal 
distribution but deviations from normality were not appreciable so that tests of 

generally'valid. The vaH^cerarreova’^rnts^ 

““s”” u >''• ■"»« "i “ z,,; i,"'s 

groups ^t w^^ato foun. tb., ■^'"r '* mter-relationships of the various 

9.3 Similar studies were matlc in xf.sU.... u , 

by Karve and Dandckar (1051) The matf-rinl ' anthropometric survey 

about 2252 individuals bc^nging to 58 differen? ""a nieasuremcnts on 

pitfalls of the statistical and -antlo miogic f ^ 1 ,,^ h: 

by the statistician and the anthronolomst i. nn ^ r ^ 

The report on Bcneal anthrnnnmprrL c ^ "important feature of this report. 

published. MaSr also cond^^cr^^^^ I" be 

port of whichTpS^cd in the re- 

Mahalanobis (1927) made an extensiv; study of thTBcng^ltsts t^r/ribefutg 
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ihc generalized distance devised by him. The material used for this purpose 
consisted of a long series of measurements taken by the well known anthropologist 
N. Annandale on Anglo-Indians (persons of mixed European, usually British, and 
Indian parentage) in Calcutta. 

0.4 Indian anthropologists and statisticians have been always stressing the 
need for securing comparable data from various parts of India. Investigator bias 
and lack of standardization in the measurements of some somatic characters reduce 
the validity of comparisons (Mahalanobis, 1080; Chattopadyay, 1042; and 
Majumdar, 1040). Under laboratory conditions Chattopadyay (1040) found that 
different investigators trained in the same laI>oratory are not likely to differ much. 
But how far this is true under field conditions requires further investigation. 
Mahalanobis (1037) found that measurements on the profile recorded on photo- 
graphic paper will go a long way in reducing the labour on the field and also in 
securing comparability as in the case of measurements on the skulls. Further 
research in this direction to obtain photographs in dillerem angles and to recons- 
truct from them some of the direct measurements on the head is in progress. 


9.0 Anthropometric measurements in India v^e^e first systcmetically taken 
by Herbert Risley and published as a volume of Ethonographic Appendices to the 
Census report of India, 1891. In the United Provinces Drake— Brockman undcr- 
t(x>k an extensive anthropometric survey, the results of which were published in 
the first volume of Castes and tribes of North M'estern Provinces and Oudh, 1899. 
As a supplement to Brockman's note, tables of measurements carried out under 
the supervision of E. J. Kitts were pulrlished by Crooke. In 1931 B. S. Cuba under- 
took a racial survey of India and measured about individuals. Tlie statis- 

tical analysis, where in the coefficient of racial likeness is use<l for determining 
racial* affinities and divergences, is published as Part III of the Census of India, 
1951, Vol. 1. All these earlier investigations suffered from one defect or the other. 
Either samples were not drawn strictly at random or the sample sizes were inade- 
fpiate for drawing any reliable conclusions. 


10. Population Studies and vital Statistics 

1.1 It is said that the vital statistics in any country ought to he the main 
platform for population discussions, especially wlten the growth of population, as 
distinct from the quantum at one time, is in (piestion. Absence of reliable vital 
statistics greatly retarded the progress of population studies in India. No steps 
have been taken to improve the position since the Bhore Committee recommended 
the estabiisinnent of a suitable machinery to ensure the reliability of the collected 
Statistics of births, deaths and the causes of death. 

The extensive study of Chandrasekar (]949<'/) of the Parsi dcmogriiphy has 
shown that useful inferences can be drawn from an analysis f)f vind statistics width, 
in the case of the Parsi community were found to be fairly reliable. Some theo- 
retical investigations which arose during this study, to determine the effect of a 
change in mortality conditions in an age group on the expectation of life at irt 
formed the subject matter of another paper by Chandrasekar (1040w)* 

The main defect in our vital statistics appears to be 'appreciable ‘^^*f***^^ 
registered births, deaths and cases of notifiable diseases. Attempts a\c 
made to correct these figures by independent enquiries „ 

instance is the Singur health survey where the figures stipphed y , / i 

have been used to correct the nomber of births reg.stered f 
Denting, 1040). One assumption was made that the 
unregistered birth coming into the investigators pmple is ‘ 

not be strictly true but the method employed is an interesting one and will certainly 

be useful in similar studies. 
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Some type studies of demographic conditions of rural population were made 

by Mathcn and Lai (lU4(i), Chandrasekhar and Sen (ly-lrti, Sovani (1948) and 

others on the basis of a detailed survey of a few villages. It is only by such studies 

m a large number of villages scattered all over the country that one can hone to 

obtain estimates of specific fertility rates and death rates which arc necessary for 
ppulation projection. ' ^ 

10.2 The first step towards filling the gap in vital statistics was made when 
the census commissioner M. W. M. Keatts extended the questionnaire of the 1941 

fotifiLmiT" “scful in the calculation of specific 

crtihty rates, ne reproduction rates and life tables. Unfortunately, the intorma- 

1011 carefully co lected on individual slips could not he fully tabulated due to mc- 

f ■ When the destrucl.on 

of record s bps was under contemplation the census commissioner thought it fit 

to preserve at least every fiftieth slip and what is left today out of ahourb9 ciores 

of slips IS only a sample of one m fifty, now called the t' sample The Govern 

on the avilnte H, fV a"'' advise the Government 

the kcX to he population and the K sample formed 

DenLtL nr of ?r'" ’'‘•'Po” pal’lisheci by the 

Department of Lducation, Health and Lands, contains extensive studies on tests 

tabled' net"f“'‘"l“'-°^ ‘ ^ PO®*‘l>‘‘>'>‘--s of constructing the life 

tables net reproduction rates etc. Tabulation of the Y sample along tLse lines 

s m progress in the Indian Statistical Institute. The Committee also meommend- 
rraHv ^ * population and socio-economic surve-ys. When such a list is 
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11.1 Progress m economic statistics during the last decade ie i r , 
o the family budget studies and the construe tL of the ind^v nf 1 ^ confined 

In a preliminary study of the working class fnmifo I i c- ■ ‘ activity, 

the preference lale is hne^ar in tl e ea'c of e, 1"''“ '^at 

holds good. He gave an illuJtrln o ,h " hiw 

construction of the cost of living index number ''The 'cading to the 

work was done by a number o^f other workers. ‘I Pcoaeh is atomistic. Similar 

sufficiently etplafo'id'' by a singirPictOT obnir’l''' patterns could be 

proportions of income spent on\arious goods " ‘T'"' “'"'^‘‘’ation of the 

to classify the families -accordfog ,? eon ?,t' . as an index 

investigation since methods of dassifir irin P ^ his is an important 
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-hewoJk further by T;:^tabl^;hoL^of th m' I''’'? "fr"' 

lion of index numbers A more eUhr r r formula; for the construe- 

truetetl bv •Capital’ and published for the fir's'? time"in "'“r 
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series. Following tlu* mr-rh i ^ oorrel.iiion coefficients between different 

<iiccs of industrial productivhv ffi^Tndh ^ (10-41) constructed in- 
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At present the most satisfactory index is published in the ‘Monthly statistics 
of the production of selected industries in India’. The weights are derived from 
the census of production and manufacture and hence are more accurate than those 
liiiherto used. The items covered are large in number so that all types of busi- 
ness activity are represented. Appropriate corrections for seasonal and cyclical 
fluctuations and abnormal features, such as the effect of war, have been made. 

11.3 Other studies of interest arc by Mahalanobis (1941) who developed a 
new formula for estimating the rupee coins in circulation assuming a simple law 
of constant rate of absorption. Murti (1947<J) fitted a logistic curve to the average 
life of a rupee coin and estimated the circulation of the rupee notes for various 
years. 

Using four variables, Murti (1947//) deduced an index by the method of 
principal components to classify the scheduled banks into some distinct groups each 
having a common trait. 

11.4 Trends of foreign trade have been studied by Sastry and Mathew (1940) 
and others. A comprehensive study of the consumer’s expenditure as a sector 
of the national income of India was made by Desai (194H). For the first time 
estimates of errors in the various aggregates have been provided. Sinha (1939) 
studied the inter-relationship between supply and price of raw jute. Analysis 
based on Schultz’s method of constructing demand and supply functions was 
carried out by various workers and significant conclusions were obtained. 

11.5 In two important articles Madhava (1941) and with Krishna Sastry 
(1041) studied the growth of trade unions and the problems of absenteeism in 
Indian Labour. 

ll.f) Amhica Ghosli (1950^7, lOoO/;) applied statistical techniques in an ana- 
lysis of the agricultural economy in liengal. Using the concentration curves of 
owned land in different ranges of ownership and the concentration of holding culti- 
vated in these ranges of ownership and the concentration of holding cultivated in 
these ranges as cumulative percentage of area owned under different acreage inter- 
vals and the corresponding cumulative percentage of area cultivated, Ghosh 
classified different districts of liengal into 4 regions with more homogeneous 
economic features. The two variables considered above correspond to the concen- 
tration of the volume of prochiction and the concentration of the means of produc- 
tion respectively. He also found 2 acres as the marginal holding and 7 as the 
optimum size of a holding in Bengal. 

1 1.7 A large number of socio-economic surveys were conducted by the Gokhale 
Institute of Politics and Economics. A survey of farm business in Wai Taliika 
by Gadgil and Gadgil (1940) siipplie;! the basic information for reviewing the 
farming practices and advising the farmer to improve the economic organization 
of his farm. Other surveys of interest include marketing of fruit in Poona (Gadgil 
and Gadgil, 1933), Motor bus transportation (Gadgil and Goptc, 1935). socio- 
economic conditions of weaving communities in Sholapiir (Kakade, 
omic effects of irrigation (Gadgil, 1948). and investigtiaon into the problem or 

lapse into illiteracy in Satara District; 


12. Education and Psyciioiocy 


12.1 Considerable interest was shown in the application of rhrnnffh 

in educational and psychological problems. Early in 1928 Bcneali boys 

the medium of Bengali were devised and administered to « ^ 

The material was analyzed by 

validity of these tests was' established. The intelligence scores showed s.gn.fi- 
cant and high correlations with success m school examinations. 
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Hussain (1940, 1941) considered some methods of standardizing examination 
marks. While it is recognised that the standard of examinations should be main- 
tained at some level, die method of adjusting the marks by way of correction for 
a high or low standard is not universally accepted. Hussain recommended the 
method of individual ranks as a reasonable one hut sufficient justification for such 
recommendation was not provided. 

In an interesting experiment on rats, Kuppuswamy (1041) found that training 
given to parents had no significant effect on the progeny, indicating that acquired 
habits arc not likely to be inherited. 

Krishnaswamy Ayyangcr (1941) studied the difTerent types of trilincar signa- 
ture of men (three oriented lines which they arc asked to draw) and conjectured 
that these configurations refer to the psychological traits of persons. 

12.2 An important contribution to psychological tests is due to Amiya Sen 
(1950) who studied the validity of Roschah inkblot tests in revealing different 
personality types. Using KM) Indian students (00 men and 40 women) as subjects 
she found that many of the subjective interpretations of the inkblot studies were 
contradictory to what was revealed by an objective factor analysis. Finally these 
tests were shown to have greater validity when scored by the method su 
by Burt. 



13. Genetics 

13.1 Plant breeding. 'Ihrcc essential requirements of a plant breeding pro- 
gramme arc (a) choice of material for selection, (b) procedure of selection and (c) 
multiplication and maintenance of strains. Among materials from different 
sources, differing in mean values and genetic variabilitv, the expected response 
to a given degree of selection can be calculated by assuming a normal distribution 
01 gc-nctic values and this can be used as the criterion in the choice of the most 

selection. An instance of such calculation is given by Pause 
(1947). This needs the knowledge of the genetic variability which can be estimated 
Irom the data of the replicated progeny trial with seed from a number of plants 
selected randomly from plant material under examination. One method of esti- 
mation IS to find the true variance between progenies on progeny basis and the 

luZ regression of progeny means on the values of the parental 

plants and hnd the genetic variance of the parental population by means of the 
rmua. genetic variance ~Vb ; where stands for the regression coefficient and 

population. The theory of this was given bv 

he r ffirr f / ^^p^^inance is involved and by Pansc and Bokil (1948) when 

tnc cllcct of dominance is considered. ’ 

inp forms the basic method for exercis- 

nrLarUv on d 'Y • S^'lcction to be efficient should be made 

be nronLnL d selected progeny should 

difficuitvin JL ^ ^ selected within these progenies, there is 

Panse (^940 hi f selecting single plants with higher genotypic values, 

individual nlam f selection of single plants on the basis of deviations of 

cn'vironmen t^*^**"" 'ofluenced by favouralile or unfavourable 

Smirk method of discriminant function developed by H Fairfield 

ciiscrim^innnt- funcloTb a 

tic advanr " *”^‘'**' ^“^ciion of the characters aimed at maximizing the gene- 
coefficicnts%nd errors of the discriminant function 
tions ricnetfr 1 illustrated the computa- 

■ion need! *ml'corrccUon:‘‘'''* 
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l>;uisc (1940) also considered some genetic models in studying the quantitative 

ni.mJ f f ^ cliaractcrs and provided expressions for determining the ‘effective’ 
^ci of factors which can account for the segregation in generation. 

18 3. Estimating of linkage. Some work has. been done in methods of scor- 
ing linkage data from various sources for purposes of estimating recombination 
li actions by Bhat (1948). Kosambi (1944) demonstrated that the recombination 
traction y,. for two individual adjacent segments and the fraction y, for the 
whole segment are connected by tbe approximate relation 

y, = .+ 

’ '+4v,y, 

Sukhatme (194 1) obtained standard errors for Bernstein’s estimates of blood group 
gene frequencies. Rao (HlaO) provided tlic complete scoring system for the simul- 
taneous estimation of recombination fractions from three point data giving the 
.‘•imulianeous segregation of three factors. 


14. Quality Controi. 

14.1 Modern statistical techniques have a great part to play in Industrial 

'Mf in Tn/lin If 1 


i r.i n<t\c a j'rcai |)ari to pTay in in<iusinai 

development in India. If Indian goods have to enter into a competetivc market 
they must be produced according to a ‘siKcification’ and as chcaplv as possible. 

.. c - ^ . . * .j“ii • % 1 ** • 

;cd 

generation by 


iiiv^ ,1 >|K.'(.iiiL(iMoii aiui as cheaply as possible. 

At present many of tbe factory practices are wasteful being based on assumptions 
and beliefs often handed down from generation to generation by tradition. Sys- 


c*in.i •KIIIS.IV.VI VUIVTII Kiflll II^I K\> IIL'I tlllt/ll uy ( I ctuill^'ll. Sy>- 

tematic colletiion of data would enable the technicians to test the validity of such 
traditional methods and to improve or improvise new methods when the earlier 
ones are not found to be effective. Ror example, it is an established practice in 
any factory to make frecpient adjustments on the machines rather than try to 
locate actual defects. The control chart method would be of great help in locat- 
ing the assignable causes of variation and also in showing what variations should 
be ignored and what variations need a corrective action 

14.2 The Indian industrialists have been slow in adopting the newly evolved 
techniques and it is the responsibility of the Indian Statisticians to sell their goods. 
The Indian Society for Quality Control, founded in 1948. is doing good service 
in arousing tbe interests of the Indian Industrialists in the usefulness of modern 
statistical techniques. Their first bulletin written by Chanieli Bose contains the 
uses of qiialitv control techniques in design, production and inspection. More 
bulletins of this nature with illustrative examples will be useful in convincing tic 
producers of the advantages of applying statistical techniques in production. 

14.8 At present there is a statistical division in the Tata Iron and Steel Works 
at Jamshedpur organised by A. V. Sukhatme. Fhey answer a variety of proiems 
arising out of production, inspection and distribution of finished goods. 

14.4 An outstanding achievement in the field of statistical Quality Control 
is due to the statistical division in the Ahmedabad Textile Institute Kcscarch sso 
ciation (ATIRA) under the leadership of Sundri Vaswani. In five member mills 
where statistical (luality control work was introduced, wiihoui exception, it resu led 
in Ixttcr maintenance of machinery, reduction in waste, improvement in (piality. 
reduction in work-loads, increase in output and reduction m machine 
(Sundri Vaswani. 1949. 1950). Now there is a comprehensive plan to introduce 

similar methods in all the 71 member mills of the ATIRA. 

14 5 Some important comments were made by Pran Nath (1948) 
inspection plans suggested by E. L. Grant who thought 
size increases the effectiveness of sampling inspection, 
possibility of applying quality control methods in wood based Industrie.. 
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lo. Meteorology 

fh Fcscnt state of meteorological prediction has been summarised bv 

the editor of a daily newspaper as follows: 

Before the meteorologists arc dismissed as prophets of the ‘Utterly absurd' 
as they might well be since recent Calcutta performances, it shoulci be con- 
sidercd that theirs is not an exact science, but chiefly descri )ti\'e Given 
sufhcient data, frcmicntiy supplied and adequately correlated, they may 
if pressed draw inferences whose reliability will vary according to the 

indications and in inverse ratio with 'the duration of the 
period to which these relate. That may be enough about meteorologists". 

No doubt the meteorological statistician is working in a difficult field fightin- 

he vaguaries of weather Some of the results which are the product of imiina: 
lion and intensive research arc highly interesting. ^ 

couiurv^iCI‘’r‘7-‘’" n 'cry important for an agricultural 

cen rv t^L\ I-'*’ ''cscarchcs carried out towards the end of the last 

nar n’ T precedmg conditions outside India must play a large 

n?oliL a working from 19W 

rafnni ^ T computing the regression line of best fit of the 

^JnkaUxamnl Preceding weather conditions outside India. A 

typical example of the regression equation is the 1910 formula. 

Monsoon 

Rainfall = -.20 (Snowfall Accumulation) -.29 (Mauritius Pressure) 

+ .28 (South American Pressure) —.12 (Zanzibar Rainfall) 

formn'l^fm ® whole. This was the earliest use of a regression 

lormula found to work well in practice. ^ 

an.l IP ^ ‘^''ferent formula; were constructed for different regions 

Wshff fprniula; are being constantly revised. Details of different methods of 
(S) monsoon and winter rainfall are given in paper by S. K. Bancrji 

eharJP construction of the prediction formula involved the selection of a few 
oX P" O'** of 1***KC number and the success of such a formula can be judged 

valLs L‘h '7 " ‘"'**'“'’K *>*"' seeing its behaviour’. The predicted 

aereemenf A f'‘'**’oq''cnt ly observed values must agree closely and the tests of 
CaHoiK r p‘^''o)opcd by Normand (1032) and extended bv Saviir (1932) to suit 

WsU ctr ^r ’ T ^or the reality of periods in periodogram ana- 

lysis CK., are very useful devices in this connexion. 

rainfiPri^r"flI!’'’7'’ of '*scful investigations on the meteorological data relating to 
die last decade a i’ Jcmperatiire and other aspects have been carried out duriny 

Socie?; and atTn I" Meteorological 

the Scientific Notes of the Indian Meteorological Department. 

IG. Miscellaneous 

undertaken^Iw*^anfL to a number of interesting investigations 

as to ciu-e to ^od truth 

lopmcnt - seeds for future deve- 

instance’ th^ f?. ,.to''t:stigations proved mathematicallv difficult, for 

measuring sometimes laborious as in 

number oi times^^T^^ *''’man palms or throwing coins a large 

selves. ^ conclusions were as interesting as the investigations them- 

thesis*^^ a^!vnthesU that Neyman Pearson’s theory of testing of hypo- 

ynihesis of the errors in cast and west, the error of the first kind 
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having been recorded by Kalidasa in the cast when Dttshyanta rejected a true 
hypothesis in not receiving his lawfully wedded wife Sakuntala and the second 
kind of error by Shakespeare in the West when Othello accepted a false hypo- 
thesis that Desdemona committed adultery. The problem arises then as to which 
error should be minimized ! 


10..^ A good deal of interest was shown in a statistical study of literary 
styles of various authors. Some work done on the writings of the Indian poet 
Kabindrannth Tagore has revealed a few interesting aspects of the chronological 
changes in style. Kosambi (1042, disproved the hypothesis advanced by the 
[)hilologist Zipf that the number of words used n times in a connected piece is 
proportional to Xjn-. 

10.4 Rao and Shaw (I0J8) found a new' formula for the prediction of cranial 
capacity and demonstrated that the skulls wliich arc preserved in tact and admit 
a direct measurement of the capacity are on tlic whole undersized so that the 
average cranial capacity so determined is an underestimate of the capacity of the 
w’hole cranial population. They have aho given a method by which the capacity 
could he estimated from the measurements of the other fratrments and thus 
correct for the skulls providing direct measurement of the cranial capacity. If 
the suggested hypothesis, that on the whole small skulls arc preserved intact for 
a longer lime, is true then there is reason to believe that our human ancestor had 
a much bigger skull than what has been revealed by the fossil skulls, 

K)..') f)n the theoretical side vSingh flOlO) developed an interesting theory of 
(pjasi-Iimit definition of probability. After demonstrating that Von Miscs’ limit 
introduces some regularity in the so callerl ‘irregular collective'. Singh tried to 
modify the limit as follows. If denotes the relative frer|ucncy up to n terms 
of the sequence then the existence of the cjuasi-limit p implies that given two posi- 
tive numbers e and -q as small as we please, two numbers and can be found 
such that of the ni terms .... rr terms satisfy the inequality 

where rr/m > 1 whenever n'^n^ and I bis again introduces some 

regularity and it is recently shown by I). H.isu that cpiasi-limit implies the existence 
of Von Niiscs’ limit. But the approach seemed novel. 


10. G An author was led to demonstrate that enforced widow hood is the 
only cause of slower growth of Bengali Hindus. The zeal with which the figures 
were presented without any cautious attempt to interpret them properly reveals 
that the author was extremely interested in this problem. 

10.7 An early statistical venture is the estimation by Mahnlanobis (10.^7) of 
the expected increase in yield of paddy by the introduction of an irrigation scheme 
by which Damodar flood was intcnticd to be used to supplement the rainfall. In 
this study the water requirement for a full crop and the method of adjustment 
were presented without any cautious attempt to interpet them properly reveals 
occured were first obtained as an agreed verdict bv five experienced agricultural 
officers. Using the rainfall data for any year the yield was evaluated as percent- 
age of full crop and then the increase in yield by using the available Damodar 

flood was obtained. 


This report by Mahalanobis gave support to the Damodar valley project since 
developed by the Government of India. 

16.8 In a scries of papers Koshal flOff:). 1035. with Turner. 1030) 
method of maximum likelihood in estimating the constants of 
First approximate values were obtained bv the method of moment ^ ^ 

a scricrof approximations the maximum likelihood 

These papers^ gave rise to bitter controversies between Kar Pearson and R. A. 
Fisher, ^thc former defending the method of moments and the latter pointing out 
its ineffectiveness in providing suitable estimates. For the first time the difficulties 
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encountered in fitting Pearsonian curves hv the method of moments have come to 
be discussed in great detail, 

16.9 Unconventional methods arc as important as properly codified scienti- 
fic ones in any branch of science. One such instance in statistics is the method 
employed by three statisticians (S. B. Sen, J. M. Sen Gupta and 1^. M. Ganguli 
deputed by the Indian Statistical Institute at the request of the Central Goernv- 
ment) in estimating the number of Muslim refugees in the red fort after the great 
riot in 1947. Any attempt at a personal examination of tlic spot and obtaining 
sample counts of individuals at random localities inside the fort would have meant 
the complete anhilation of the statisticians who happened to be Hindus. 'Ihey 
ascertained the amount of salt (a commodity not likely to be dravMi in excess of 
requirement) issued to the retugecs from the Government ration shops and 
dividing this amount by the average salt consumption which is almost stable in 
any group of individuals they estimated the number of refugees. 4 his estimate 
was useful to the Government in arriving at some administrative decisions. This 
method, to give it an indigenous name, may be called the uim Jtwk method. 
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